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A B S T R A C T  
 
In Australia there is ready access to iron-containing foods and yet studies are reporting the 
incidence of iron deficiency of women in their reproductive years to be higher in this generation 
than previous.  
The aims of this research were to identify the nutritional impact and changes in feelings of well-
being from increasing pork-meat intake or taking daily low-dose iron supplements (Study 1); 
relationships between iron status and vitamins B6, B12 and folate (Study 2); the eating behaviours 
affecting iron status (Study 3 and 4); and familial and environmental forces affecting iron 
consumption by young women (Study 5).  
To meet these aims, data were collected from a 12 week randomized controlled trial (RCT) with 
embedded vitamin and dietary studies; and a sequential qualitative case study that entailed 
interviewing three generations of women from close family units, where the youngest generations 
were tertiary students. For the quantitative studies female students who were randomized to control 
(C), pork-enriched (PE) and iron supplement (IS) study sets completed validated pre- and post- 
study questionnaires (food frequency, well-being and activity), 3 x 7-day food diaries, and provided 
four spaced fasting blood samples. SPSS, versions 18 and 19, were utilized for all statistical analysis 
with significance set between 0.001 and 0.05. The qualitative case study encompassed individual 
participant interviews, researcher and participant observations, health professional and food 
historian opinions, and historical document review. These data were collaborative identifiers of 
forces influencing eating behaviours and iron intakes of the student and analysed using NVivo 11. 
The dietary studies and case study would provide direct behavioural data not limited to 
extrapolations from childhood and adolescent studies. 
Sixty-five female students (24.6±4.4 years; 21.8±2.8 kg/m2) in C (n=22), PE (n=21) and IS (n=22) 
study sets completed the RCT. Despite self-reported good general and gastrointestinal health, 23% 
of the students were iron deficient (without anaemia). Pork-meat significantly increases 
haemoglobin (Hb) but has little impact on ferritin concentrations when consuming 500g/week; 
increases fruit intake (P<0.001); reduces snack foods (P<0.001); increases consumption of 
nutritionally complete meals (P<0.001); and ceases meal omissions (P<0.001). The low-dose iron 
supplement (37.4mg elemental iron) significantly increases Hb (values similar to pork-meat) and 
ferritin concentrations. The students’ perceptions of their health and well-being significantly 
improves in both the (PE) and (IS) sets with differing dimensions of health responding to each 
intervention; although no significant relationships were observed between these health concept 
scores and biomarkers of nutritional status. Student intakes fail to meet the estimated average 
requirements (EAR) for folate (13.6%), vitamins B6 (4.5%) and B12 (31.8%) with eating behaviours 
vi 
not encouraging nutritionally complete diets. Vitamin B12 intakes are from traditional and 
unexpected sources including commercial energy drinks. In addition oral contraceptive use lowers 
(P=0.042) serum vitamin B12 concentrations. Serum vitamin B6, folate and erythrocyte folate 
concentrations do not show relationships with Hb concentrations. Variability noted in serum 
vitamins B6, B12 and folate concentrations between collections supports a minimum of four 
collections before clinical decision making.  
The depth and consistency of data collected from all sources within the case study  disclosed the 
high impact, but changeable forces that influence eating behaviours regardless of generation to be 
education, mothers and the sensory appeal of red meats. Food availability however has lessened as 
a negative influential force through the generations. It is a mother’s knowledge of the importance 
of iron metabolism, their food literacy, and likes and dislikes of red meats that have a high impact 
on the eating behaviours of their daughters; however they are open to remodeling and would be a 
new and reported effective direction for nutrition educators. 
The impact of lessening basic meal preparation and food literacy within curricula past is evident in 
the health of the young women participating in the current research. Review is required together 
with continued research in increasing bio-availability of iron from non-animal sources and the 
preferred sensory characteristics in meats to develop methods of preparation that increase appeal to 
women. 
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C H A P T E R  1 :  
I N T R O D U C T I O N  
 
“Iron deficiency is the most common and widespread nutritional disorder in the world … a large 
number of children and women in developing countries… significantly prevalent in industrialized 
countries. … an estimated 2 billion people are anaemic, many due to iron deficiency … affects more 
people than any other condition … a public health condition of epidemic proportions … iron 
deficiency exacts its heaviest overall toll in terms of ill-health, premature death and lost earnings.” 
World Health Organization (WHO) [1] 
IMPORTANCE OF IRON FOR HUMAN HEALTH 
Iron deficiency results from extensive negative iron balance ending in decreased or exhausted iron 
stores in the individual. The anaemia that occurs with iron deficiency is a manifestation evolving 
over time as iron stores progressively become depleted. The stages begin with negative iron 
balance, then iron depletion, iron-deficient erythropoiesis and finally iron deficiency with anaemia 
(IDA) [2]. An absence of anaemia does not exclude iron deficiency in the individual because a large 
amount of body iron is lost before the haemoglobin (Hb) falls below the definition of anaemia [3]. 
Because of this, depleted iron stores and iron deficiency without anaemia (IDNA) are considered 
mild to moderate forms of iron deficiency and may or may not have overt symptoms. IDA falls at 
the severe end of the spectrum of iron depletion, with corresponding alterations in haematological 
values, signs and symptoms [4]. When this occurs, erythropoiesis is diminished, resulting in low Hb 
concentrations with progression to the status of IDA. 
Iron deficiency in industrialized countries is reported to be the largest cause of anaemia in women 
[5] despite iron’s high availability in the environment. However it should be remembered that iron 
deficiency is not the sole cause of anaemia in populations; instead there are more than seventeen 
diseases responsible and the relative importance of each over the planet is tabulated in [Appendix 
2]. From that table it is apparent, except for Europe and North America, iron deficiency is the 
primary cause of anaemia for women and between the leading and fourth highest cause of anaemia 
in men in 2010 [6]. A systematic analysis of global anaemia burden by Kassebaum et al reported 
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anaemia prevalence (from all causes) fell from 1990 to 2010 (40.2% to 32.9%), more so for males, 
with the gap between genders widening [6]. However rising population counts defy the fall in 
prevalence. The United States Census Bureau (USCB) [7] reports during the same period – 1990 to 
2010 – world population rose from 5.3 billion to over 7 billion and so despite the encouraging 
prevalence fall, worldwide anaemia increased by almost three-quarters of million cases.  
Deficits in other nutrients - vitamins A, B12 and C, and folic acid – also result in anaemia [8-12]. In 
2006, Beutler and Waalen presented an argument to the American Society of Haematology [13] 
questioning the accepted lower limit of normal for Hb used by WHO when there are now data 
from studies like the National Health and Nutrition Examination Survey  III (NHANES) [13] that 
question these customary limits and allow research data to progress diagnosis. Studies presented 
show the variation in the lower level of normal for Hb in women to range between 116 g/L and 
223 g/L. Beutler and Waalen’s proposal to use 122 g/L as the lower Hb level for women would 
further increase the numbers iron deficient [14]. 
In all countries, developing or industrialized, children, adolescents and women in their reproductive 
years are at greatest risk of iron deficiency [15-17]. For children and adolescents this is due to their 
rapid growth [18, 19] and for women of reproductive age, the need to compensate for monthly 
blood losses [16, 20]. Women who are pregnant have to compensate for the placental and foetal 
growth as well as the expansion of the maternal red cell mass [21, 22].  
“..the terms anaemia, iron deficiency, and iron deficiency anaemia are sometimes used interchangeably”-
which can be in studies, or reports in the public domain [23-25]. In the mild-to-moderate forms of 
iron deficiency, anaemia is absent yet the tissues exhibit functional impairment. The Hb remains 
above 120 g/L. IDNA is under-diagnosed and often remains untreated until anaemia develops, 
similar to Type 2 diabetes, which quietly compromises the health and functioning of the individual 
[26]. The ambiguity of the language notably before 1985 complicates prevalence data as the cause 
of anaemia is often unstated [27]. 
The WHO has mapped the estimated prevalence of IDNA in populations where the prevalence of 
IDA is known. In Figure 1 it can be seen that the proportion of iron deficient cases with anaemia 
increases once the prevalence of anaemia in the population reaches 40%. Until then the estimated 
prevalence of IDNA is approximately 2.5 times that of IDA. Chandra [28] estimated when anaemia 
prevalence reaches 20%, iron deficiency exists in 50% of the population. 
Iron is essential for life as it is required for the synthesis of the oxygen transport system in blood 
and muscle and iron-containing enzymes participating in electron transfer and oxidation-reduction 
reactions [29]. Normal iron balance differs from other minerals as the efficient regulation is from 
alterations in absorption and not excretion; losses are through the desquamation of skin cells,  
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pregnancy, menstruation and blood-loss injury [2, 30] and in a healthy individual is in the order of 
1-2 mg/d 1. In Australia the recommended total iron intake for women of reproductive age is 18 
mg/d [31] which is expected to provide the required 1-2mg of absorbable iron. Once the iron is 
consumed distribution follows a pattern as charted in Figure 2. It can be interpreted from the figure 
that the gate keeping site is the absorption of the iron with diet playing a key role.  
Dietary iron is sourced from animal and plant foods, as either haem or non-haem iron [32]; iron 
fortified foods where non-haem iron has been intentionally added during manufacture [24]; and as 
an environmental contaminant when non-haem iron is incorporated into food during food 
production or preparation, or haem iron on the surface of root vegetables [33-35]. 
 
Absorption of this dietary iron ranges from 5-35% [36] dependent predominantly on four factors 
that will be discussed in the following sequence: 
1. iron status of the individual, 
2. haem and non-haem iron consumption, 
3. nature of the meal being consumed, and 
                                                     
1  excluding menstrual losses 
Figure 1: Prevalence of IDNA (projected) 
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4. gastrointestinal health. 
 
 
Iron status of the individual [37] 
Biomarkers for micronutrients enable physicians to make consistent diagnostic decisions for 
deficiency and overload states. There are currently several biomarkers for iron status however not 
all are reliable when considered in isolation. When stored, iron is bound primarily to ferritin in the 
liver minimising oxidative damage and when released, the circulating serum ferritin levels have a 
positive correlation with tissue stores of ferritin. Because of this serum ferritin is used for the 
diagnosis of IDNA; with support from the other biomarkers of iron metabolism - serum iron, 
transferrin and transferrin saturation - as each reflects different aspects of iron metabolism [38].  
Serum iron concentration falls progressively below the reference interval after iron reserves are 
exhausted and body iron decreases. When this transpires the concentration of transferrin rises. A 
Figure 2: Whole body metabolism of iron  
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subnormal serum iron in association with a supra-normal transferrin concentration is evidence of 
iron deficiency. The diagnostic specificity of a low serum iron however is lost in the presence of 
inflammatory processes and certain chronic disease as the serum iron and transferrin 
concentrations fall rapidly as part of the acute phase response irrespective of the status of the iron 
stores [39]. 
Transferrin is the carrier protein which binds most of the iron present in serum. The total iron 
binding capacity (TIBC) of serum measured by determining the total amount of iron that can be 
bound to serum protein is proportional to the concentration of transferrin in the serum. The 
percentage occupation of the iron binding sites on transferrin is calculated by dividing the serum 
iron level by TIBC. The serum TIBC can be extrapolated from the transferrin level or measured 
directly. Subnormal percentage saturation is a useful index of iron deficiency, but low values are 
also obtained in chronic disorders [39]. Serum transferrin is elevated with storage-iron depletion 
before there are any observable signs of iron deficiency, but it is less sensitive and reliable than 
ferritin.  
Serum transferrin saturation is normally 30–35%. Levels around 15% are indicative of an 
inadequate supply of iron to the bone marrow or an impaired release of iron stores due to chronic 
disease. The diurnal variation both in serum iron and transferrin saturation is considerable and 
there is a marked overlap in these indices between normal and iron-deficient individuals[40]. In 
isolation this overlap diminishes the usefulness of these indices in establishing or rejecting a 
diagnosis of iron deficiency [1].  
The reference ranges for the iron biomarkers vary slightly between countries and laboratories. In 
Figure 3 reference ranges more frequently used in Australia and the limitations associated with each 
biomarker have been listed [41].  
 
BIOMARKER REFERENCE RANGE 
FOR WOMEN LIMITATIONS 
Serum Iron 10-30 µmol/L diurnal variation 
Transferrin 1.8-3.2 g/L concentration affected by many clinical disorders including inflammation 
Transferrin saturation 15-50 % limited as diurnal variation in serum iron and transferrin affected by many conditions 
Serum Ferritin 20-300 µg/L increases independent of iron status in acute and chronic inflammation 
Serum transferrin receptor 0.9-2.3 mg/L high cost; no international standard; may be affected by age and ethnicity 
Haemoglobin 120-150 g/L when used in isolation has low specificity and sensitivity 
 
Figure 3: Iron biomarkers, reference ranges and limitations 
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To determine the presence of anaemia Hb and haematocrit values are used because of the 
simplicity of measurement. Values below the reference range indicate anaemia. These two 
biomarkers are, however, neither specific for iron deficiency nor very sensitive for the detection of 
mild but functionally significant iron deficiency. For determining IDNA the gold standard is bone 
marrow staining for iron content [13]. Absence of stainable iron reflects absent iron stores.  
Ferritin is a high-molecular-weight protein that contains approximately 20% iron. It occurs 
normally in almost all tissues of the body but especially in hepatocytes and reticulo-endothelial cells, 
where it serves as an iron reserve. Ferritin plays a significant role in the absorption, storage and 
release of iron. As the storage form of iron, ferritin remains in the body tissues until it is needed for 
erythropoiesis. When needed, the iron molecules are released from the apoferritin shell and bind to 
transferrin, the circulating plasma protein that transports iron to the erythropoietic cells [42]. 
Ferritin is an acute phase reactant. A normal serum ferritin value, therefore, cannot be used to 
exclude iron deficiency if a hepatic, malignant, or inflammatory condition is present. 
Although research has shown a good correlation between serum ferritin concentration and iron 
load in pathological states there was no evidence that this correlation existed in healthy individuals 
until Walters et al [43], using quantitative phlebotomy with healthy participants could report on the 
correlation between iron stores and ferritin concentrations. A little later in 1975 Jacobs and 
Worwood [44] proposed serum ferritin may be a convenient method of assessing iron stores to 
substitute for bone-marrow staining especially in population studies. Supporting this Cook et al [45] 
similarly reported a high correlation between serum ferritin concentrations and iron stores in the 
normal population of men and women and, Hallberg et al, that low serum ferritin concentrations 
are specifically indicative of iron deficiency [46]. A systematic review assessing the value of ferritin 
concentration as the biomarker of choice for iron deficiency undertaken in 1992 by Guyatt et al [47] 
concluded serum ferritin outperformed red cell protoporphyrin, transferrin saturation, mean cell 
volume and red cell distribution when diagnosing iron deficiency. In summary, a review of datasets 
[48] has determined ferritin is most suited to be the primary measure of iron stores in healthy 
individuals as it is specific to iron deficiency in the absence of infection [46, 49].  
Only microgram quantities of ferritin are present in plasma however concentration is directly 
proportional to total body iron stores and is unaffected in healthy individuals [50-52]. There are 
some medical conditions that increase plasma ferritin in relation to iron stores. These are 
inflammation, alcoholic liver disease or malignancies [52]. Alcohol consumption, hyperglycaemia 
and high body mass index also increase ferritin concentrations [53, 54].  
There is still no universal agreement on the cut-off value to be assigned to serum ferritin. Studies 
use 12, 14 or 15 µg/L as cut-off values for both healthy and unhealthy states. Clinical laboratories 
commonly reference values of 15 to 300 µg/L serum or plasma ferritin for men, and 15 to 150 
µg/L for women [55], however researchers including Morison and Ferguson [56], Looker et al [57], 
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Hallberg [58], Ferguson et al [59] and Heath et al [60] concluded from their research that it was 
inappropriate to have sex specific cut-off values for ferritin when defining iron deficiency. It has 
been proposed that gender differences for ferritin normal ranges are based on large populations 
that contain significant numbers of women who are iron-deficient because of poor diet and 
menstrual blood loss; and that reference values should be based on iron-replete populations [61]. 
Hallberg et al [46] reviewed studies using women in good health and others where they were in poor 
health. Studies assessing healthy subjects predominantly used 15 µg/L for the cut-off value for 
ferritin. However Guyatt et al [62] argues that the cut-off of 15 µg/L was too low for the detection 
of IDA for those with inflammatory or liver disease and propose 40 µg/L as the cut-off in those 
that are iron deplete and 70 µg/L when there is an inflammatory condition. Yu et al [63] in their 
meta-analysis of the cut-off value most accurately used for iron deficiency recommended, in the 
absence of infection or inflammation, a serum ferritin value of 25-30μg/L. 
A relatively new assay for the serum transferrin receptor concentration (sTfR) is available. The 
sTfR is produced by proteolytic cleavage of the extracellular domain of transferrin receptors on all 
cell surfaces and is released into the plasma in proportion to the number of transferrin receptors on 
cell surfaces, which is in turn proportional to the requirement for iron. An increase is a sensitive 
response during the early development of iron deficiency and is proportional to the extent of the 
functional iron deficit – it is apparent before there is a measurable decline in Hb – and has major 
advantages as the assay is not significantly affected by infection or inflammatory processes, age, 
gender, or pregnancy; however levels can be elevated when there is increased red cell production.  
There is however day to day variability in iron status. A study by Borel et al [64] collected capillary 
samples for 31 consecutive days and calculated the coefficients of variation (CV) for the various 
iron biomarkers. Except for plasma ferritin (CV 15.2% men; 26.8% women) they were similar for 
both male and female participants. Haemoglobin CV was 4.6% and 4.4% respectively. Lacher et al 
[65] reported the coefficient of variability for within subject variation (CVI) for serum ferritin 
showed the greatest difference between males and females of all analytes – 28.8% for women with 
sTfR, ferritin, iron and transferrin showing significant annual and seasonal variations. The annual 
variation for serum ferritin was 29.3%. Population-based reference intervals are of little value for 
ferritin because the index of individuality is too low [66].  
The body’s homeostatic mechanism [3] conserves iron but fails when intake is insufficient to meet 
individual needs, especially in women of reproductive age with heavy menstrual losses [67] or when 
body iron stores are depleted [68, 2]. Once stores are depleted cognitive impairment, reduced 
immunity and decreased physical capacity are apparent with severity of each increasing as anaemia 
develops [69]. The complexity of this mechanism is appreciated when the research outcomes from 
the last thirty to forty years are reviewed. 
Hallberg et al [70] observed when there was a reduction in iron stores; a calculated decrease of Hb 
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iron had the same increasing effect on iron absorption in women of reproductive age. Furthermore 
their findings suggest the absorption of therapeutic doses of an oral iron supplement is dependent 
on the degree of erythropoiesis, whereas food iron absorption is primarily dependent on stored 
iron. Thankachan et al [71] determined iron status to be more influential on absorption than the 
inhibitory or enhancing effects of tea and ascorbic acid. However from the systematic review of 
iron studies using whole diets, the meta-analysis of iron-absorption and iron-status relations by 
Collings et al did not appear to show any consistent patterns of decreasing iron absorption with 
increasing iron status [72]. Cook [73] analysed the iron absorbed from a hamburger meal consumed 
by an iron replete man, iron replete woman and iron deficient woman in her reproductive years. 
The increase in absorption of both haem and non-haem is seen in Figure 4. The larger adaptive 
response for iron deficiency was for non-haem iron (2.5% to 22%).  
 
The peptide hepcidin, primarily made in hepatocytes in response to liver iron levels, has been 
identified as a key regulator of iron homeostasis [74]. Studies have shown hepcidin as a negative 
regulator of iron metabolism in iron-replete healthy women and men [75-76]. In chronic 
inflammation excess hepcidin decreases iron absorption and prevents iron recycling, which results 
in hypoferremia despite normal iron stores (functional iron deficiency), and anaemia of chronic 
disease (ACD) [3]. Mild inflammatory conditions can be a source of error in diagnosing iron 
deficiency as both are characterised by depressed iron biomarkers except for serum ferritin which is 
elevated despite the presence of IDNA. Ferritin levels however are only lowered when there is a 
state of iron deficiency [77]. In combination with inflammation an individual can have serum 
ferritin as high as 100 µg/L with a transferrin saturation < 20% and be either absolute or 
functionally iron deficient [78]. Thurnham et al [79] reported inflammation increased ferritin by 
approximately 30% and was associated with a 14% (CI: 7%, 21%) underestimation of iron 
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Figure 4: Percent haem and non-haem iron absorption 
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deficiency. Findings from the study of Mujica-Coopman et al [80] showed obese women had lower 
iron absorption compared with overweight and normal weight women however they were unable 
to observe a relationship between body mass index (BMI) and iron status. Cepeda-Lopez et al [81] 
investigated the risk of iron deficiency in obese Mexican women and children reporting iron 
deficiency was 2 – 4 times that of normal-weight individuals with comparable iron intakes.  
Despite the limitations of heterogeneous methodologies and populations Cheng et al [82] reviewed 
studies investigating the relationship between obesity and hypoferraemia and support there is 
evidence of obesity-associated disturbances in iron metabolism - the mechanisms for which are 
currently undefined. There is a trend for higher Hb and ferritin concentrations and lower 
transferrin saturation in obesity however additional studies incorporating the measurement of 
inflammatory cytokines, sTfR and hepcidin are needed to clarify the causal relationship between 
obesity and disturbed iron metabolism. Tussing-Humphreys et al [83] assessed the relationship 
between iron status and excess adiposity, inflammation, menarche, diet, physical activity, and 
poverty status in female adolescents included in the NHANES 2003-2004 [84] dataset; reporting 
iron deficiency was significantly associated with BMI and inflammation. As an inflammatory 
disorder, obesity would be predicted to decrease iron bioavailability. Here hepcidin expression 
increases and may contribute to the increased prevalence of iron deficiency observed in overweight 
populations [54]. In the review by Cheng et al only one study measured serum hepcidin in adults 
and confirmed hepcidin higher in the obese individual. In this study Tussing-Humphreys et al [85] 
reported serum hepcidin to be elevated despite iron status, with the liver and not adipose tissue 
being the source of excess hepcidin. This suggests iron deficiency in obese women is primarily 
from depleted body stores rather than mal-distribution of iron from inflammation. Inflammation 
may perpetuate this by hepcidin-mediated inhibition of dietary iron absorption.  
Added to these findings Currie et al [86] reported obesity in childhood to be a risk factor for early 
puberty in adolescents and Do et al [87], determined the age at menopause was earlier for women 
with late menarche and later for women with higher education levels. As menstrual blood losses 
contribute to iron losses, the trend of increased reproductive years of women [86] combined with 
the world-wide obesity (inflammation) epidemic [88], a continued rise in prevalence of iron 
deficiency in these women is anticipated. 
Haem and non-haem iron consumption 
Dietary iron is presented to the body in two forms that are absorbed through the duodenum via 
different absorption processes [89]. Non-animal sources (cereals, pulses, fruits and vegetables) are 
the main sources of non-haem iron. Non-haem iron in a balanced diet can be the primary iron 
source providing 80-90% of iron consumed [90]. Absorption occurs mainly from the duodenum 
with isotopic studies demonstrating all non-haem iron ingested in the same meal shares a 
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common pool within the intestinal lumen. The absorption percentage from this pool is decided 
by the presence of enhancers such as ascorbic acid, or inhibitors such as polyphenols [90,91]. 
Haem iron is derived from animal sources as part of the Hb and myoglobin factions. It is absorbed 
into the intestinal cell as an intact porphyrin complex; enters the cell to be degraded; and as released 
iron enters the common intracellular iron pool. The mucosal handling is identical to that of non-
haem iron however as haem iron remains protected within the porphyrin complex it does not 
interact with dietary ligands making it generally unaffected by the nature of the meal. The percent 
absorption of haem iron is higher than from non-haem iron [92]. Iron absorption is enhanced 
when iron status is compromised [73, 93, 94] and continuing studies are providing a greater 
understanding of this adaptive absorption. Haem iron absorption varies between 10% and 40% 
depending on the body’s state of repletion or depletion respectively [95]. Non-haem iron 
absorption is highly influenced by a number of factors (Figure 5). 
 
   
HAEM IRON  
ABSORPTION 
Iron status of the individual 
Quantity of dietary haem iron, especially from meat  
Presence of calcium within the meal [96,97] 
Food preparation (i.e. time, temperature, pH) [71, 98] 
NON-HAEM 
IRON 
ABSORPTION 
Iron status of the individual 
Amount of potentially available non-haem iron 
(includes adjustment for fortification iron and iron from contamination) 
Balance between the following enhancing and inhibiting factors: 
ENHANCING 
FACTORS 
Ascorbic acid (certain fruit juices and vegetables, fruits, potatoes) 
Meats, fish and other seafood 
Fermented vegetables (e.g. sauerkraut), fermented soy sauces, etc. 
INHIBITING 
FACTORS 
Phytate and other lower inositol phosphates (e.g. bran products, bread 
made from high-extraction flour, breakfast cereals, oats, rice (especially 
unpolished) pasta products, cocoa, nuts, soya beans, peas) 
Iron-binding phenolic compounds (tea, coffee, cocoa, certain spices, 
certain vegetables, and most red wines) 
Calcium 
Soya 
   
Figure 5: Factors influencing iron absorption 
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Rangan [99] reported haem iron intake decreased the likelihood of becoming iron deficient as the 
quality of the iron intake (haem vs non-haem) was found to be an important determinant of iron 
status and similar to other studies where a relationship was evident between haem intake and 
ferritin concentrations; however this relationship was not found between non-haem intake and 
serum ferritin concentrations [100, 101]. 
The nature of the meal being consumed  
The complex associations between diet, meal structure and iron status are slowly being 
disentangled. Iron bioavailability is the proportion of iron from ingested food that is transferred 
into the body through the intestinal mucosa and is used systemically. The absorbed iron is 
dependent on three factors - total iron intake from the meal, the haem iron component, and the 
bio-availability of the non-haem iron component of the meal with the latter affected by the 
presence of enhancing and inhibitory factors [35, Figure 5]. Studies designed to determine the 
relative impact of the enhancing and inhibitory factors have been reported by researchers since the 
mid-1970s [90, 102-106]. 
The haem and non-haem iron content of a food, its inclusion or exclusion from a meal, it’s 
association with other foods and beverages consumed at around the same time and the manner of 
cooking determine the iron available for absorption by the iron replete or depleted individual. 
Figure 5 assembles the influences on the absorption of haem and non-haem iron containing foods 
and the enhancing and inhibitory factors. As the complexities of interactions between factors and 
the impact of cooking methods are not been fully identified, they are not presented in the figure.  
Initial studies investigating the nature of iron bioavailability used single test meals [34, 107-109] and 
not whole diets. This has been problematic as it neither considers adaptive responses to 
quantitative and qualitative dietary changes, nor a more realistic measure of the impact of the 
bioavailability of non-haem iron. Martinez and Layrisse [108] and Björn-Rasmussen and Hallberg 
[109] determined the presence of meat in the meal increases the absorption of non-haem iron from 
the plant-based meal components. Baech et al [110] added a minimal amount of 50g of pork-meat 
(enhancer) to a phytic acid (inhibitor) rich meal and showed a significant increase in non-haem iron 
absorption. Hurrell et al [111] reported however that this enhancing effect is mainly protein related 
and Reddy et al showed that improvement in iron status with the inclusion of meat in a meal is 
from the haem iron rather than the increase in the bioavailability of non-haem [112]. It was 
generally accepted that the absorption of haem iron was not affected by inhibiting and enhancing 
factors in the meal until Hallberg et al [113,96] determined calcium (CaCl2) negatively influences the 
absorption of haem and non-haem iron in single test meals. However this effect was dampened 
when absorption was measured from a 5-day varied diet or from a complete diet [114]. Van De 
Vijver et al [115] compared 3-day calcium intakes, from 1600 European girls and women, with 
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serum ferritin, iron and transferrin and concluded calcium intake to be (weakly) inversely associated 
with iron status. This was irrespective of simultaneous or separated ingestion of calcium and iron. 
Despite findings supporting dampening when examining the whole diet, Collings et al [72] made the 
point that many of the ‘whole diet’ studies were limited to 2-5 days. Dietary outcomes for short 
periods are limited to mean intakes and participant ranking [116]. Bingham et al [117], Basiotis et al 
[118] and Nelson et al [119] provide varied opinion on the necessary length of collection for iron 
intake. To account for variability, 14- 28 days of estimated food diaries, recorded over several short, 
separated periods should be collected. However, increasing research costs; falling volunteer 
preparedness to maintain accurate records in lengthy studies; and invariability of food selection 
with the tedium of recording beyond 11 days [120] need assessment against the ease of 24 hour 
recalls and lesser accuracy of short studies when investigating iron intake.  
Single meals appear to be overestimating the effects of the enhancers and inhibitors. Investigating 
this, Cook et al reported the difference in absorption between high- and low-bioavailability meals 
was 6-fold when the foods were consumed as single meals, but was only 2.5-fold when the total 
diet was evaluated [121]. Hunt and Roughead also reported short-term measurements of absorption 
overestimate differences in iron bioavailability between diets [20]. Investigating this phenomenon 
Tidehag et al determined the iron absorption from the morning meals to be greater (50-80%) than 
the average absorption from the meals during the entire two days of collection [122]. Hulten et al 
[123] provided diets to participants for 5 days that met the iron requirements for either 95% or 
65% of women of reproductive age; and having either high or medium bioavailable meals. They 
concluded non-pregnant women could meet their iron requirements from a variety of diets but 
most readily with high meat, high ascorbic acid and low phytate components. Studies increased in 
complexity and in 2000 Reddy et al [124] considered the various methods of preparation of meats 
(beef, fish and poultry) and their impact on non-haem iron absorption in meals where there was 
more than one factor influencing the bioavailability of non-haem iron. They concluded that the 
enhancing and inhibitory factors when compared to the individual’s physiological differences in 
absorption play only the minor role (16%) in the absorption of iron. Animal tissue and phytic acid 
were reported to be the most substantial enhancing and inhibitory factors [124]. Armath et al [125] 
were concerned that by overestimating absorption, we risk underestimating the prevalence of 
inadequate iron intakes.  
Hurrell and Egli [30] in their 2010 review highlighted a number of still unresolved issues - the 
mechanism by which calcium inhibits iron absorption; the nature of the meat factor; the influence 
of vitamin A, carotenoids and non-digestible carbohydrates on iron bioavailability; and the role of 
food additives on iron bioavailability from mixed diets. With such a broad canvas, understanding of 
the mechanisms at play will take some time. Collings et al [72] in their 2013 review highlighted again 
the complexity of iron absorption when they reported large variations in mean non-haem-iron 
absorption (0.7–22.9%) between comparable studies. The development of an algorithm based on 
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complete diets rather than isolated foods that can accurately predict iron absorption is critical to 
better inform the designers of our dietary recommendations. The process is hampered by the 
number of foods and nutrients that alter non-haem iron absorption; an ever increasing number of 
fortified foods [126]; increasing intakes of multivitamins, nutritional supplements [127], more 
complex processed foods and international fresh foods; changing food combining eating 
behaviours [102, 128, 129]; and using iron replete participants and not individuals with higher 
absorptive capacity for interventions. Studies have involved lime juice [130], phytic acid-rich wheat 
bread [131] and meat (haem iron) [132]. All lines of research on iron have debated results.  
One line of research has been the impact of beverages specifically tea and coffee. There have been 
inconsistent results when studying individuals with an adequate iron status, those having high tea 
consumption, or vulnerable groups such as women of reproductive age that have a low iron intake 
and consume more than 1-2 cups tea per day [104, 133-136]. Dishler et al [134] have reported tea 
consumed with meals negatively impacts on the absorption of non-haem iron; and haem iron when 
the iron source was cooked. The mechanism was not investigated but they proposed the tannins 
formed insoluble complexes with the ferric iron in the intestinal lumen. Hurrell et al [137] 
determined black coffee reduced non-haem iron absorption by 35% and black tea by 62%; and 
Samman et al [104] confirmed the phenolic compounds in Chinese green tea extracts reduced the 
bioavailability of iron consumed by young women. The addition of the green tea to the test meals, 
which were low in vitamin C, reduced the absorption of non-haem iron by 28%. Cheng [138] 
argued a number of Japanese studies have reported green tea not to be responsible for inhibiting 
iron absorption [139, 140]. Further to this, tea consumption was part of a questionnaire in the 
French Supplementation in Vitamins and Mineral Antioxidant Study (SU.VI.MAX) [132, 135]. 
Here they found no relationship between serum ferritin concentration and tea (black or green) 
consumption in healthy men or women (of all ages); infusion time; or strength of tea. Schlesier et al 
[136] reported all the iron status parameters measured except serum ferritin were not affected by 
the litre of tea consumed each day for four weeks when following either a mixed or vegetarian 
dietary regime. Hogenkamp et al [141] found IDNA and IDA are not significantly explained by 
black tea consumption in a adult population in South Africa. However, in alternate findings Temme 
and van Hoydonck [142] reported a high tea consumption pattern may increase the risk of iron 
depletion in populations of individuals with marginal iron status. There have been fewer studies on 
coffee. Morck et al [143] reported coffee reducing the absorption of iron from a hamburger meal to 
be 39% compared with 64% for tea. The reduction in iron absorption by coffee was concentration 
dependent and similar either during or an hour after a meal. 
The differences between coffee and tea could be explained by the very different structures of the 
flavonoids in teas and coffee allowing some to bind more strongly to iron in the intestine and have 
differing effects on iron absorption. Coffee has chorogenic acid (phenolic acid) whereas 
peppermint tea, green tea, wine and cocoa bean have flavonoids [144]. The phenolic compounds 
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are considered to interfere with iron absorption by complex formation with iron in the gastro-
intestinal lumen, making the iron less available for absorption. Iron absorption was shown by 
Hurrell et al [137] to be reduced in a dose dependent fashion reliant on the concentration of total 
phenolic compounds. The relationship between iron absorption and the amount and type of 
phenolic compounds in oregano, spinach, coffee and tea was studied by Brune et al [145]. Findings 
showed as little as 5mg tannic acid inhibited absorption by 20% and 100mg by 88% and oregano, 
coffee and tea inhibited iron absorption in proportion to their respective content of galloyl groups. 
With the increased consumption of gourmet coffee drinks by the university-aged population [146] 
in the past decade and a trend of consumption moving from between meals to within meals, an 
understanding of the impact of these beverages on iron absorption would assist practitioners. 
Predominantly meal studies have used beef, chicken and fish as sources of haem-iron however 
haem from other animal species including pig, which has been reported as the widely eaten meat in 
the world [147], may provide further insight into the mechanism at play. Lombardi-Boccia et al [98] 
compared the changes in haem and non-haem content of a number of meats in contemporary diets 
including ostrich, chicken, horse, beef, veal, lamb and pork as well as the stability of haem content 
with various cooking methods. Relevant findings included iron content varied for different cuts 
from each animal; pork was the only meat that did not lower its haem content on cooking; and 
these haem losses could be controlled by using milder cooking conditions that promote haem 
molecule stability [98]. In Australia adults are advised to consume 3-4 red meat serves each week to 
increase their iron intakes [148] yet the 2011-2012 Australian Heath, Nutrition and Physical Activity 
Surveys (AHNPaS) [149] report women consume less red meat serves and higher protein intakes 
than recommended for health [150, 131]. Education concerning the consumption of iron 
containing proteins is required. Although protein sources are both animal and plant in origin; haem 
iron is sourced primarily from animals and has a higher bioavailability than plant based iron. Folic 
acid has nearly a 10-fold higher bioavailability from meat and eggs than vegetables. Meat is an 
excellent` source for various micronutrients: 100g of low-fat pork-meat can cover up to 50% of the 
RDA for iron, zinc, selenium, Vitamins B12, B1, B2, B6 and 100% of vitamin A [151]. However a 
number of the foods promoted in dietary guidelines as essential for healthy eating have been 
identified as dose-dependent inhibitors to iron absorption [152] and increase the difficulty for the 
individual to meet their iron requirements. Kirstenen et al [131] after a four month intervention trial 
reported young iron replete women, consuming the Nordic Nutrition Recommendations with fibre 
rich wheat bread, significantly reduced both their serum ferritin by 27% and Hb, 2%. 
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The individual’s gastrointestinal (GI) health 
It would be anticipated any disruption to the normal functioning of the GI tract may have an 
impact on the absorption of iron and that either acute or chronic blood losses from the GI tract are 
influential in causing iron deficiency, particularly IDA. Iron deficiency is the cause for consulting a 
gastroenterologist for 4%-13% of all referred patients and many of the patients treated by 
gastroenterologists will develop IDNA and IDA [153].  
In industrialized countries like Australia it is unlikely, except for aboriginal communities in rural 
Australia [154], for women of reproductive age to have intestinal parasites as a cause of iron 
deficiency; however both upper and lower GI lesions can be sites for potential blood loss [155]. 
Figure 6 provides a listing of the more common disturbances that may result in IDNA and IDA 
however not all these listed causes are associated with women of reproductive age - gastrointestinal 
malignancies are uncommon whereas ulcers, oesophagitis, gastritis, ulcerative colitis and coeliac 
disease are common [153]. Endoscopy can contribute greatly by ruling out gastric distress as a 
cause of IDA [153, 156, 157].  
Although oral iron supplements are inexpensive and usually an effective treatment for these 
gastrointestinal conditions there are some individuals that will require intravenous iron [158]. Few 
studies have investigated dietary change as the primary treatment for these conditions. Any 
protracted condition such as coeliac disease, Helicobacter Pylori infection and atrophic gastritis that 
alters the acidic environment within the stomach also impairs the absorption of iron [159, 160]. 
Iron deficiency is a common presentation in individuals diagnosed with coeliac disease -1 in 250 
Australians [161] as the associated villous atrophy in the proximal duodenum encourages the 
malabsorption of iron [162]. Annibale et al recommended any adult presenting with IDA should be 
screened for gluten sensitivity as 13.7% of patients with IDA had coeliac disease and after twelve 
months on a gluten-free diet they reported that 94.4% of the patients the IDA had been resolved 
[163]. This is supported by the findings of Harper et al [159] and Halfdanason [164]. Additionally, 
the individual’s sensitivity to the pharmaceutical management of dermatitis associated with coeliac 
disease contributes to iron deficiency [165].  
The popularity of gastric surgery in recent years [166] has seen further cases of iron deficiency 
[167]. Beyan et al [168] report 94.4% of patients undergoing a partial gastrectomy exhibited IDA 
after 5 years as rapid intestinal transit in the first portion of the jejunum and the operative bypass of 
the duodenum impairs iron absorption. IDA and other nutrition deficiencies have been well 
documented as a consequence of bariatric surgery [169] but despite this, the demand for bariatric 
surgery as a treatment for obesity continues to grow. Similar factors – the reduction in food intake 
secondary to reduced gastric capacity and poor iron absorption due to less food exposed to the 
stomach’s acidic environment further compromise iron status [170].  
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CONDITION EXPLANATION OF CONDITION 
Increased losses of iron  
Whipple’s disease  rare, systemic infectious disease affecting GI tract 
Digestive disorders  
Bacterial overgrowth   
Cancer/polyp: colon, stomach, 
oesophagus, small bowel  
Intestinal Lymphangiectasia 
dilated intestinal lacteals cause loss of lymph into 
the lumen of the small intestine may present with 
iron deficiency anaemia 
Gastrectomy and gastric atrophy  
Peptic ulcer, oesophagitis  
Haemoglobinuria in eg marathon 
runners, multiple blood donations presence of haemoglobin in the urine 
Gut resection or bypass  
Urological & gynaecological disorders  
Ulcerative colitis, Crohn's disease  
Intestinal parasites  
Intravascular haemolysis  
Prosthetic valves & cardiac myxomas, benign cardiac tumour associated with inflammation; and impaired production of RBC  
Deficient iron intake  
NSAID use Non-steroidal anti-inflammatory drug use 
Vascular lesions; angiodysplasia of the 
colon 
degeneration of the blood vessels usually associated 
with ageing; watermelon stomach where the lining 
of the stomach bleeds 
Meckel’s diverticulum congenital pouch in the intestine with chronic intestinal bleeding 
Reduced iron absorption  
Coeliac disease  
  
Figure 6: GI disturbances responsible for iron deficiency 
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WOMEN OF REPRODUCTIVE AGE: AT RISK OF IRON DEFICIENCY 
Young women are at high risk for iron deficiency due to menstrual losses [67, 70, 171], pregnancy 
[90], insufficient dietary iron intakes [101, 172-174] and misconceptions regarding their self-body 
image [51]. The 2006 National Nutrition Survey of Japan reported the prevalence of IDA in young 
Japanese women has risen since the 1990 survey however no national preventative policy was 
established for IDA. Investigating this finding further Kusumi et al [175] studied the iron status of 
over 13,000 Japanese women and determined 22.3% of women younger than 50 years of age had 
IDA and there was a high incidence of iron-deficient circumstances with thinness in young 
Japanese women. Additionally there are lifestyle factors that hinder women maintaining acceptable 
iron stores that include blood donation [176] exercise routines [177] and weight loss regimes [178]. 
For Australia, the WHO estimates 15% of women of reproductive age have anaemia that is 
predominately due to iron deficiency. Although Australian health data collections, including iron 
deficiency prevalence figures for women, are infrequent - the more recent being 1985, 1995 and 
2011-2012 - Patterson et al (2001) [179] reported baseline data from the Australian Longitudinal 
Study of Women’s Health (ALSWH) suggest 1 in 3 women have been diagnosed with iron 
deficiency by age 45–50 y [180]. Ball and Bartlett in 1999 reported IDNA to be between 13% 
(omnivores) and 18% (vegetarian) for non-aboriginal Australian women [181]. Regardless of the 
variance between these reportings iron deficiency for women is at concerning levels for women of 
reproductive age in Australia especially when data from aboriginal communities are incorporated. 
Hopkins et al researching within an aboriginal community reported infections with hookworm 
contribute to the high prevalence of iron deficiency and anaemia observed particularly in children 
and women. Sixty-three percent of the aboriginal women over 14 years had anaemia and 84% of 
children. Thirty-one percent and 75% (respectively) were iron deficient [154].  
The AHNPaS reports [149] mean iron intakes for women 18–44 years have fallen from 12mg/d in 
the last survey – Australian National Nutrition Survey of 1995 – [182] to 9.7mg/d which is well 
under the Australian recommended dietary intakes (RDI) of 18mg of iron. The RDI is calculated to 
meet the requirements of 97.5% of the women and the estimated average requirement (EAR), 50% 
[31]. The EAR is 8 mg of iron/d. However the haematological results from the same report do not 
indicate iron deficiency in the Australian population and as such, is not congruent with the studies 
already cited [179, 180, 183]. There are possibly sampling inconsistencies as the ALSWH [180] 
would have one third of women under 50 years having iron deficiency, with ferritin levels below 
15-µg/L.  
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Eating behaviours of women in their reproductive years 
Eating behaviours arise from knowledge of foods [184], meal preparatory skills [185], attitudes 
regarding health [186], availability of foods and acceptable and familiar tastes [187-189]. At this age 
they underestimate the importance of a healthy diet which includes the micronutrients and iron and 
concern themselves with other factors such as exercise for cardiovascular health and overlook 
weight and diet [190].  
The promotion of national dietary guidelines that aim to reduce chronic disease (obesity, diabetes, 
cardiovascular disease) in populations possibly leave an opening for IDNA and IDA to develop in 
women in their reproductive years. Snetselaar et al [191] concluded after studying the impact of 
reducing saturated fat intakes in adolescents; that care should be taken to incorporate foods in their 
diets with absorbable iron (notably haem) to maintain iron status when reducing saturated fat 
intake. Ferritin data supported the inclusion of haem-iron rich, lean beef in dietary 
recommendations for adolescents consuming a low-fat diet. One of the study groups consumed 
less iron from beef and beef mixtures and more from poultry and fish, reducing their serum ferritin 
concentrations. The other study group consumed more beef. Both groups had similar iron intakes 
and met the RDI for their age and sex.  
Heart health and the reduction of saturated fat in our diets is a public health message that has been 
listened to and has modified eating behaviour [192] with the consumption of chicken breast meat, 
which is lower in fat than other meats and readily available in the marketplace, increasing notably 
with women [193, 194]. As a result, iron intake has decreased. Fayet et al [195] reported healthy 
female tertiary students studying in Sydney, Australia who were avoiding meat and poultry had 
associated lower intakes of some micronutrients that if continued may lead to adverse health 
outcomes including iron deficiency. Driskell et al [196] earlier investigated the dietary habits of 
American university students and using 24 hour recalls and Hb values reports 38% women and 
36% of those taking oral contraceptive pills (OCP) consumed <55% of the US RDI for iron. 
However there was no relationship between diet and Hb values found. Irrespective of OCP use 
only 2-4% of values were low.  
In the AHNPaS report 47.8% of the women 18-23 years (n = 14,686) reported that they had dieted 
to lose weight within the last year [180]. Similar findings were recounted in another Australian 
study. Kenardy et al [197] reported 66.5% of the young women were within the healthy BMI range 
but only 21% were “happy” with their weight and 46% had dieted to lose weight in the last year. 
Shick et al [198] analysed iron intake data for women consuming weight loss diets from NHANES 
III [460] and the US National Weight Control Registry (NWCR) and found the intakes to be below 
the RDI at 12 0 – 12.3 mg/d.  
Since the late 1990s women of reproductive age have been reported to consume less than the RDI 
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for iron in Australia [99, 179, 199-201]. Rangan et al [99] investigating iron intakes and status of 
women in a cross-sectional study of women 15 – 30 years, reported serum ferritin stores were < 20 
µg/L for 7.2% of participants and determined up to 40% of the women failed meeting 70% of the 
RDI for iron. Intakes were higher than the EAR, argued by some to be the true benchmark [202]. 
Because repeatedly studies are reporting similar low intakes of iron, before consideration is given to 
any problems with absorption, the term shortfall nutrient has arisen and been applied to iron by the 
US Dietary Guidelines Advisory Committee [203]. Shortfall nutrients are those nutrients that are 
consumed in amounts that are low enough to be of concern (60% RDI) [204]. The current trend of 
consuming multicultural vegetarian meals, especially among women [205-207] is placing pressure to 
clarify the complexities of the interplay between enhancing and inhibitory factors on the absorption 
of iron from non-haem sources to aid women to be iron replete before parenthood. Consumer 
educational material produced by the National Health and Medical Research Council (NHMRC) 
such as the Australian Guide to Healthy Eating (AGHE) [208, Appendix 3] that interprets the 
Dietary Guidelines for all Australians (DGA) [150] fails in guidance for consumers to construct 
meals that maximise iron absorption.  
Ball and Bartlett [181] reported the importance of the iron status of both vegetarian and 
omnivorous Australian women be monitored for dietary practices that enhance iron; as the women 
consuming vegetarian diets had significantly lower serum ferritin concentrations, despite 
comparable iron intakes by all the women. The vegetarian diets had higher fibre and vitamin C 
content. However a study undertaken by Anderson et al with women who had been consuming a 
vegetarian diet as part of their faith for many years reported they had an acceptable iron status 
despite their low iron intakes (12.5±3 mg/d) and their high intake of dietary fibre and phytate 
[209]. Studies by Hunt et al [210] and Haddad et al [211] reported lower iron stores with a vegetarian 
lifestyle but acceptable ferritin concentrations. Barber et al [212] (1985) reported iron consumption 
by women in their reproductive years in the UK with intakes being between 64% and 79% of RDI 
for iron that was similar to Rangan et al [99] in Australia. The mean intake for all ages over 16 years 
was 8.7 mg/d. The RDI for women was 14.8 mg/d [213]. The food diaries were maintained over 
two weeks and revealed 15% of the women consumed less than 6 mg/d of iron. 
Maughan and Martini [214] and Kubberǿd et al [215] compared the flavour differences between the 
traditional red meats – beef and lamb – and other meats – pork, chicken and turkey. Women report 
not preferring the flavour and colour of the higher iron-containing, traditional red meats and select 
lower iron-containing meats at mealtime. Unlike the “barny, bitter, gamey, grassy, livery, metallic” 
flavours sensed with beef; pork and turkey, are considered “brothy, fatty, salty, sweet, umami”; in 
flavour and are suggestive of the preferred chicken flavour of “brothy, juicy, sour, sweet and 
umami”. Women have been reported to dislike the sight of “blood” apparent in rare to medium 
cooked meats. Cross et al [216] reported meat type, cooking method and doneness level had no 
impact on haem content in contrast to findings by Lombardi-Boccia [98] and Carpenter et al [217] 
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earlier however the selection of meat cuts by cross were limited and not those usually consumed by 
women which may account for the differences as iron content is not consistent through the carcass 
[218].  
Dietary Influences 
Although these research studies have identified “meat” flavours preferred by women; there has 
been minimal research on the sustained influences on women concerning the foods they choose to 
eat and their associated eating behaviours. Nutrition educators would be better equipped to assist 
young women modify their eating behaviours, maximizing the absorption of iron, if they were 
cognizant of both the negative and positive forces influencing women’s iron intakes. De Vriendt et 
al [184] have reported a positive association between nutrition knowledge and an increase in fruit 
and vegetables amongst young and middle aged Belgian women, but not the remaining dietary 
recommendations. Wardle et al [219] similarly reported a positive relationship between nutrition 
knowledge and fruit and vegetable intake. Both studies emphasized the importance of nutrition 
education on food choice.  
Parmenter et al [220] reported from their survey that British women in their middle years had 
greater nutrition knowledge than young women (19-39 years) who may not as yet possess interest 
in health care issues as they and their peers have not reached an age when nutritional disorders 
beyond obesity are surfacing. It was proposed that the raising of a family may be responsible for 
middle-aged women having sought additional information concerning healthy eating. It was noted 
that longitudinal research would be needed to differentiate between cohort effects and knowledge 
due to lifecycle stages. Education levels were questioned in the survey establishing eating healthily 
were a priority of men and women [221]  with tertiary education. This supports an earlier finding of 
Georgiou et al [222]. They had reported American college students had higher diet quality than their 
working peers. These studies present education as one of the influences for eating behaviours. A 
recent Australian study by Leonard et al [223] investigated nutrition knowledge and iron intake. 
There was a positive correlation shown between nutrition knowledge score and iron intakes. 
Generally studies identifying influences behind eating behaviours (but not specifically iron intakes) 
have focused on children, adolescents and the elderly [129, 224-229]. Children respond to parenting 
practices, in particular the use of food as a reward or treat; energy-density of foods; genetic 
predisposition; and advertising. During adolescence food cravings, hunger, appeal of food, 
convenience of food, time available, parental influences on behaviours, mood, body image, habit 
and media add to the list [230]. It is anticipated but not known that similar influences as those 
affecting adolescents affect intakes of young women. Parental influences are possibly the primary 
influence for food management. Caraher [231] has reported from the 1963 Health and Lifestyle 
Surveys of England, 89.2% of women learn some food management/cooking skills from their 
mothers and grandmothers. Studies since then have indicated this relationship is changing with the 
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advent of the internet, increases in ready prepared meals available from supermarkets, and an 
increase in disposable income [232-234]. Engler-Stringer [235] in a recent review commented that 
during the 20th century consumers have allowed the food industry to make many of the decisions 
about what we eat however, this may not be true for all cultures as Jingxiong et al [236] reported in 
three generation families in Hong Kong, grandparents were the dominant force behind eating 
behaviours of the grandchildren. In another study ascertaining calcium and vitamin D intake 
similarities between Japanese mothers and their adolescent daughters; grandmothers and 
granddaughters; and mothers and grandmothers undertaken by Ohta et al [237], dietary intakes were 
significantly correlated between daughters and mothers although no significant correlation was found 
between daughters and grandmothers, or between mothers and grandmothers. Jingxiong et al and Ohta et 
al both reported the importance of role modelling. It is yet to be determined if this is an influence for iron 
intakes. Role-modelling influences fruit and vegetable intakes and to a lesser extent, energy and fat 
intakes. A 2011 US study by Bauer et al [238] used environmental and dietary surveys, and television 
watching and activity diaries that were completed by parents and their adolescent daughters. Role-
modelling by parents for fruit and vegetable consumption was consistently associated with their 
daughters’ eating behaviour. In their review Wang et al [239] analysed studies investigating the 
parental dietary influence on their children. Overall weak associations were found for fat and 
energy intakes.  
Young women donate blood  
In Australia, unlike America, women outnumber male blood donors [240, 241] with the largest 
percentage of donors being 18 - 26 years. Young Australian women, 20-29 years, make up 58% of 
blood donors [241]. Newman [242] reported that female blood donors are able to replace lost iron 
provided they were iron replete at donation. Those with marginal or no stores and in negative iron 
balance do not replace the red blood cells lost and become IDNA or IDA. Simon et al [243] 
reported among Danes 31.7% of premenopausal female donors had depleted iron reserves and 
3.3% had IDA. Other researchers [94, 244, 245] have noted the lower ferritin concentrations 
among donors are more frequently associated with female donors especially if menstrual blood 
losses are intense. Repeat donations require iron supplementation as diet alone was insufficient to 
restore the individual’s iron status to replete [176, 246]. A randomized controlled trial (RCT) 
undertaken in 2012 by Waldvogel et al [247] reported, that with supplementation Hb and ferritin 
concentrations did significantly increase however their study found no loss in fatigue or increase in 
aerobic capacity for female donors with IDNA following four weeks of oral supplementation with 
iron sulphate.  
Meanwhile, cardiologists are measuring the advantages for women to be iron deficient as this could 
favourably contribute to their better premenopausal cardiovascular health over men [248, 249]. 
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Zheng et al [250] favour phlebotomy as among the frequent female blood donors, iron stores and 
vascular function provided evidence of reduced oxidative stress and increased flow mediated 
vasodilation in the brachial artery. The iron depletion hypothesis was first published in 1981. 
Chronic iron depletion from menstrual bleeding may account for reduced cardiovascular disease in 
women of reproductive age [251]. Currently studies have used data from the American Red Cross 
which is limited to cross sectional data [250]. 
Changing menstrual losses 
The oral contraceptive pill (OCP), with much higher hormonal levels than today, was added to the 
marketplace in the early 1960s [252]. Early OCP and inter-uterine device (IUD) studies [171, 253] 
have not been included in this review as formulations are not comparable to the levels consumed 
by the current population of young women. Succeeding refinement of this pharmaceutical has 
allowed some hormonal forms of contraception to reduce blood loss to such levels that studies 
report higher ferritin and Hb levels in participants. The preferred contraceptive methods used by 
undergraduates in 2010, when ranked highest to lowest were OCP, male condom, Nuva ring2 and 
transdermal weekly oral contraceptive patch [254]. With the exception of the male condom all these 
preferences reduce menstrual losses, although not immediately [243, 255, 256]. Harvey et al [257] 
investigated the impact of menstrual losses and diet on iron status. Menstrual losses were the most 
significant factor affecting ferritin concentration. Although the type of diet consumed (red 
meat/poultry and fish/vegetarian) was considered of lesser importance, it was also reported to be 
significant. 
In Europe and the United States the trend marking a fall in the age of menarche could result in 
increased blood loss by women over the course of their lives, especially those who are overweight 
as presented earlier. In Europe the statistically significant downward trend was 1.1-3.2 months per 
decade and in Scandinavia and the US 2 months per decade [258]. This is consistent with menarche 
being delayed where there is under nutrition in developing countries [259]. Despite Chumlea et al 
[260] reporting menarche to be stable in recent years in US at 12.4 years following the downward 
trend lasting decades; other studies and reviews of the literature are reporting the fall is associated 
with the increase in overweight and obesity in young girls [86, 261].  
Women as non-professional athletes 
The 2013 DGA have incorporated physical activity [262] into the recommendations as a means to 
improve cardiovascular health and reduce the incidence in the population [263]. Research outcomes 
                                                     
2  This is a plastic ring inserted into the vagina that releases a low dose contraceptive. Blood loss is reduced. 
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with elite athletes suggest exercise may be another factor affecting the iron status of women [264]. 
However now with health professionals advocating exercise, more women are expecting to become 
physically active on a regular basis; raising questions regarding the impact on their fragile iron 
stores. Ascertaining iron store loss following the introduction of regular exercise into the lifestyle of 
young women is of interest of several research teams. Two studies have indicated moderate 
aerobics exercise is detrimental to iron stores [265, 266]. Regular aerobics exercise in previously 
sedentary individuals depleted mean serum ferritin in female university students. Jensen et al 
reported lowered by 30.0±13.8% in a 12 week study [265]. They followed individual aerobics 
programs for 15-60 minutes, 3-5 times a week. Iron depletion at baseline in the study’s supplement 
group was corrected by week 12. Blum et al [266] similarly reported declines in ferritin 
concentrations over a 13 week study, with a similar population to Jensen et al. The students 
participated in a 35 minute aerobics class 4 days per week. Foot strike haemolysis, iron loss through 
sweating and GI bleeding was proposed to be in play. Not all studies report a lowering of iron 
stores. Fogelholm [267] studied young women during a 24 week progressive fitness program that 
increased V02 max by 10% but findings did not show a reduction in either their iron or zinc status.  
Hb responds to physical stress by immediately after exercise inducing haemo-concentration. Plasma 
and blood volumes are decreased as the result of fluid loss through sweat and respiration, filtration 
to the extravascular space following increased arterial pressure and muscle contraction during 
exercise, and increased tissue oncotic pressure gradient mediated by accumulated metabolites such 
as lactate. The increase in ferritin observed is mainly due to haemo-concentration and only to a 
small extent to cell destruction and inflammatory-like reactions. As sTfR is not appreciably 
influenced by acute phase responses [268] or exercise [269] it can be used to differentiate between 
iron deficiency and iron deficiency due to chronic disease. Santolo et al [270] in a cross-sectional 
study in 2008 reported on the effect of regular exercise on young non-professional female athletes 
against a control group of sedentary females and reported there was not an increase in the rate of 
IDNA or IDA with regular non-professional sport however it did impact on the iron status of the 
women, as the exercising group lowered their serum iron and transferrin; and sTfR was elevated. 
The reduction in serum iron influenced the fall in transferrin saturation. Serum ferritin was 
unaffected. However, Sandstrom et al [271] similar to Fogelholm reported no difference in numbers 
of IDNA (52%) and IDA (8.6%) females between athletes and non-athletes.  
Overall there are increased iron losses during sports – foot strike haemolysis and increased sweating 
[264, 272] – and when combined with the lower iron intake of women (compared with men) and 
iron losses through menstruation it is anticipated ferritin stores will fall. Elite athletes are routinely 
given professional nutritional advice however advice is rarely given to recreational athletes [273]. 
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PREVALENCE OF IRON DEFICIENCY IN FERTILE WOMEN 
As stated earlier the intermixing of the terms iron deficiency, anaemia and IDA in reports and studies 
between 1997 and 2001 has complicated the statistics. Clarifying the terminology has aided 
comparison and an appreciation of the depth of the problem of iron deficiency worldwide. The 
terms favoured are IDNA, IDA and iron deficiency which includes all individuals with iron 
deficiency. Concurrently there has been momentum to identify iron deficiency as the public health 
concern in industrialized countries and not restraining efforts to IDA [27, 5]. Presently the WHO 
[1] focusses attention on reducing IDA once prevalence exceeds 5.0% of the population. However 
in the industrialized countries where there are accessible drugs, iron fortified foods and few 
unavailable foods, less than 5.0% of the population generally develops IDA but instead there is a 
larger pool of people with IDNA with functionally impaired tissues that impact on their quality of 
life [27].  
In recent years the prevalence of IDA has decreased slightly possibly in response to more fortified 
cereals worldwide, increased contraceptive use and iron supplementation to communities in 
developing countries however IDNA is continuing to rise. This is reflected in the rising prevalence 
of total iron deficiency for women in their reproductive years - Australia in 1997 prevalence was 
7.2% [99]; in 2001, ≥ 8% [274]; and in 2008, 34% [275]. In the US, prevalence has also increased 
from 9-11% in 1997 [57] to 15.6% in 2009 [276]. In France (2008) 19.3% were iron deficient [277] 
and in Tehran (2010) as many as 40.9% [278] of young women had compromised iron stores. In 
these studies IDA ranged between 2% and 8% with a median of a little more than 4%. The UK 
National Diet and Nutrition Survey [279] reported 30% of the female population, 18-64 years, had 
serum ferritin<20 µg/L. Not all industrialized countries have an increased prevalence of IDNA. In 
France iron deficiency among these women was 22.7% in 1998 [132] with more recent studies 
reporting approximately 1 in 5 women in their reproductive years are iron deficient.  
Although there is no evidence the absence of iron stores without a simultaneous fall in Hb levels is 
harmful it does highlight iron nutrition is borderline [280] and if the lowering of body iron 
continues, functional compounds such as Hb will be affected. Verloop [281] has reported IDNA to 
be common in affluent societies among young women and having smaller iron stores than their age 
matched males, are under threat of developing IDA. Dieting adolescent females in Europe have 
been reported to be three times more likely to be iron deficient [280] and in their review Daee et al 
[282] reported 41% - 66% of adolescent girls have attempted dieting. Few studies have assessed the 
relationship between dietary iron and iron status of women in their reproductive years.  
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Is there a relationship between dietary intake and iron status? 
Despite comparisons between studies being hampered by the variety of study populations, study 
design and methodology used there is the repeated reporting of noteworthy levels of IDNA and 
IDA and dietary iron intakes closer to the EAR than the RDI. The recording of food intake can be 
onerous on participants and even when minimised, frequently data collected limit findings and 
interpretations. Pynaert et al [202] reported 20% IDNA, 3% IDA and intakes significantly below 
RDI but only 18% of participants completed the dietary component. The requirement was a 2 day 
estimated food record, which was far short of Beaton’s recommendations of 11 days [116] and yet 
82% participants failed to record their intakes. Notwithstanding Galan et al [132] reported similar 
outcomes with 22.7% IDNA, 4.4% IDA and 93% of young women had intakes <RDI from 6 x 24 
h dietary recalls. Almost 53% consumed less than two thirds of the RDI. Their serum ferritin was 
positively correlated with meat, fish and total iron intake. It appears that the relationship between 
iron intakes and iron status is complex in part due to the complexity of dietary intakes, range of 
measurement tools and participant willingness to record accurate food intakes for extended 
periods. 
FUNCTIONAL CONSEQUENCES OF IRON DEFICIENCY  
The observation of functional changes in the individual may need to take higher priority in the 
diagnostic protocol for commencement of treatment because symptoms of iron deficiency have 
been shown to be due to a lack of iron in the body tissues and not limited to the presence of 
anaemia [284]. Currently recognition for treatment is not made until haematological investigation 
reveals low Hb (IDA). Adding further complication to the decision to activate treatment is that 
some individuals with IDNA are asymptomatic. 
As iron deficiency severity increases so too do the functional consequences of depleted iron store 
with chronic fatigue frequently being the first to be noticed [67]. The severity of the functional loss 
may not be apparent to the individual until treatment is commenced and normality returns. There 
are three main areas of concern: cognitive impairment, lessened physical activity and reduced 
immunity. There are further functional changes, not uniformly reported, that may diminish 
thermoregulation, interfere with gall bladder function or disturb sensory function (pica). The 
functional consequences of iron deficiency are discussed below and illustrated in Figure 7. 
Cognitive impairment 
“Behavioral and cognitive dysfunctions are the most worrisome manifestations of iron deficiency.” 
       Yadav et al [285]  
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Most studies have been focused on infants, young children and adolescents with few that did not 
report an improvement in cognitive function, mental health or academic performance following 
supplementation [36, 286-289]. Bruner et al [290] reported IDNA adolescent girls who received iron 
supplementation performed significantly better on a test of verbal learning and memory than the 
control group and studies by Nelson [291], Pollitt et al [292, 293], and Soemantri et al [294] with 
British adolescents in the late 1980s had similar findings. Although the behavioural and 
developmental issues related to iron deficiency in infants, children and adolescents have received 
much interest [295-297] data on the consequences of iron deficiency in women of reproductive age 
are few. Identifying the characteristics of any cognitive and behavioural changes in these women is 
important as their behaviour will in turn impact on the behaviours of their offspring. Greig et al 
[298] reviewed studies to determine whether iron deficiency in women of reproductive age affects 
cognition, mental health and fatigue, and whether a change in iron status results in improvements 
in these factors. In seven of the ten studies there was an improvement in cognition after iron 
treatment however the reviewers determined the evidence base to be limited by poor study quality 
and heterogeneity across the studies. To clarify the relationship between iron status and cognitive 
functioning in young women further RCT with similar design and evaluation methods will be 
required. 
Iron is essential for maintaining the normal functions of the central nervous system (CNS) and 
whenever concentrations diverge from accepted norms there is risk to normal brain development 
(in infants) and function. There is a blood-brain barrier (BBB) that separates the systemic 
circulation and the CNS. The brain efficiently conserves the iron once it crosses the barrier 
allowing brain iron to fall minimally and at a rate slower than the rest of the body. The 
consequences from a fall in brain iron are reduced cognitive performance, emotion instability, and 
behavioural change [299]. In mild iron deficiency (IDNA) the consequences related to brain 
function may be of a subtle nature and difficult to isolate and measure [300]. The studies on IDNA 
adults have waivered on the cognitive impact of IDNA compared with IDA however there have 
been considerably less RCT than observational studies on the impact of supplementation on 
cognitive function and IDNA. In 2010 Falkingham et al [301] completed a systematic review and 
meta-analysis on iron supplementation and cognition with older children and adults. There was 
some evidence that iron supplementation improved attention, concentration and intelligence 
quotient (IQ), but studies were short term and small, lacking power and coverage of different age 
groups across all levels of baseline iron status.  
Unexpectedly, renal dialysis literature [302, 303] first alerted researchers to the possibility cognitive 
changes due to iron deficiency in adults may be reversible. The finding in adults that iron in the 
brain is more fluid than assumed [304-306], coupled with the symptoms reported by iron-deficient 
women - lethargy, inability to concentrate and difficulty with memory – have renewed curiosity 
concerning the relationship between iron and neuropsychological outcomes in young women [284].  
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Scholastic performance 
Poor scholastic performance has been attributed to iron deficiency [297, 307, 308]. Murray-Kolb 
and Beard [309] reported a 5-7 fold improvement in cognitive performance and improved speed in 
completing test cognitive tasks following the iron supplementation of iron deficient women of 
reproductive age. There were parallel significant improvements in serum ferritin and Hb. Data 
analyses of a broad range of tasks suggested the severity of anaemia principally affects processing 
speed, and the severity of IDNA affects accuracy of cognitive function over a broad range of tasks. 
Most importantly, the effects of iron deficiency on cognition were shown not limited to the 
developing brain.  
Tucker et al [310] studied 69 iron-replete university students in the late 1980s and observed higher 
levels of serum ferritin were associated with heightened activation of the left hemisphere. Higher 
ferritin predicted greater verbal fluency but poorer non-verbal auditory task performance. These 
results suggest that body iron stores are relevant to specific neurophysiological processes 
supporting attention. There is some evidence that breakfast consumption may improve cognitive 
function related to memory and academic achievement [311] independent of the inclusion of ready-
to-eat cereals in the meal (children and adolescents), and have enhanced iron absorption [122] 
(young women). 
Feelings of well-being – associated with mental and physical health  
The Medical Outcomes Study (MOS) 36-Item Short-Form Health Survey (SF-36®) is a self-
administered tool that provides a benchmark to compare patients with chronic health problems to 
those sampled from the general population. It identifies 8 dimensions of health-related quality of 
life constituents [312, 313] and is frequently completed by participants in studies to ascertain 
changes in feelings of well-being. Grondin et al [277], Patterson et al [274] and Ando et al [314] 
reported their iron deficient female participants significantly improved mental health related 
constituents of the survey following iron supplementation. Ando et al participants also showed an 
improved physical performance constituent.  
Depression 
A clear association of depression with IDNA and IDA has not been established in young women. 
An early study by Hunt et al [315] concluded only individuals with severe IDA were depressed due 
to their iron status. 2005 saw the reporting by Bodnar et al [316] that deficiencies of folate, vitamin 
B12, iron, zinc, and selenium are associated more so with depressed than non-depressed persons. 
Jacka et al [283] in 2010 has looked at the dietary intakes of women to find the western diet with 
processed and ‘unhealthy’ foods consumed by women in Australia (Geelong) was associated with a 
higher likelihood of depression independent of their iron status. However IDNA has been 
associated with higher depressive scores among young women taking oral contraceptives. 
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Fordy and Benton [317] did not observe a relationship between ferritin and mood or the various 
measures of cognitive functioning but instead reported women taking the OCP who had ferritin 
concentrations below 5 µg/L had significant depression. This led to the hypothesis that oral 
contraceptives cause depression in women with depleted iron stores. This hypothesis was 
supported by Rangan et al [318] however participant numbers were low and a duplicate study with 
larger numbers is warranted. All participants were iron deficient. Seventy-five percent of the OCP 
users were often or always depressed whereas only 12.5% of the non-users. Further investigation of 
the role of iron in the synthesis, function, and degradation of several neurotransmitters including 
dopamine and serotonin may explain the link between OCP use, depression and iron deficiency. 
Fatigue and reduced work capacity 
Not unlike other functional aspects associated with iron deficiency, limitations in work 
performance have been attributed to anaemia [319] rather than to the metabolic consequences of 
tissue iron deficiency. Finch et al [320] in the mid - 1970s found iron deficient rats without anaemia 
did not perform treadmill tests to the standard of the control animals. Since then relationship of 
IDNA in women and fatigue has been revisited by several researchers with similar outcomes - 
Sawata et al [321] and Beck et al [322] reported women with IDNA had significantly higher fatigue 
than iron replete women; Verdon et al alleviated unexplained fatigue with iron supplementation in 
women with serum ferritin levels <50 µg/L [323]; Krayenbuehl et al [324] improved fatigue with 
intravenous iron in women with serum ferritin levels of <15 µg/L; and Ballin et al. [325], Brutsaert 
et al [326], and Vaucher et al [327] independently reported successful treatments of fatigue with iron 
supplements. Possibly the fatigue is due to the shortfall of iron that is required for oxidative 
metabolism. Beutler et al [328] proposed an involvement of decreased iron enzymes in the 
development of fatigue in IDNA based on their animal studies. Vaucher et al [329] proposed it was 
the decrease in iron-dependent enzymes related to neurotransmitter metabolism that were involved. 
Verdon et al [323] studied women of reproductive age who were non-anaemic and with fatigue in a 
placebo controlled trial in Switzerland and reported iron supplementation improved fatigue after 
four weeks in women who were iron deficient or marginally iron deficient. Their level of fatigue 
was measured by a 10 point visual analogue scale. Patterson et al [274] reported either an iron 
supplement regime over 12 weeks or a high iron containing diet (red meat) improves fatigue in 
women with IDNA. However the supplementation regime did result in larger improvements than 
the diet intervention. Iron deficiency (specifically IDA) is usually treated with oral supplements as 
there is an argument of cost effectiveness and food availability particularly in developing countries. 
In industrialized nations where foods are more available research should continue to test the 
effectiveness of food –based dietary improvement for IDNA rather than long-term pharmaceutical 
intervention and its associated gastric side effects [23, 330, 331]. 
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Reduced immunity 
There is consensus that iron status and the immune defense systems are co-dependent. Iron 
deficiency has been shown to be associated with an increased susceptibility to infection [332] and 
iron supplementation has been associated with a susceptibility to malaria and tuberculosis [333]. 
Some studies including Zlotkin et al [334] reported no increase in malaria among children after a 
daily use of micronutrient powder (with iron) added to foods. However the findings of Sazawal et al 
[335] in another area of Africa raises concern that the recommended routine iron and folic acid 
supplementation for the treatment of anaemia [1], in malaria areas may put some of the population 
at risk and should only applied in combination with malaria management protocol. International 
travel has exposed countries like Australia to malaria despite a less tropical climate. In 2011 there 
were over 403 overseas-acquired cases of malaria recorded [336] and although acquired overseas, an 
understanding by Australian health-care teams of the role of iron in recovery and treatment is 
required. Reported tuberculosis cases have also increased in the last decade [337, 338].  
Research efforts over the last 30 years have significantly advanced our understanding of iron 
acquisition in pathogens as well as host mechanisms aimed at sequestering iron from these invaders 
[339]. Down-regulation of the transferrin receptor limits the cell’s ability to acquire transferrin-
bound iron and concomitantly reduces the endosomal pool of iron accessed by intracellular 
pathogens to restrict their growth [289, 340, 341]. However, despite proven reversible functional 
immunological defects in vitro studies, a clinically important relationship between states of iron 
deficiency and susceptibility to infections remains controversial. In vitro studies have reported 
deleterious effects of iron deficiency on cellular defenses that are reversible with iron therapy. As 
some invasive pathogens have their own powerful siderophores iron supplementation may be 
deleterious in association with these infections [342]. 
Other: less frequent consequences 
Thermoregulation 
Beard et al [343] in their study testing the hypothesis that IDA impairs the thermoregulation 
determined women with IDA when exposed to cold maintained a lower body temperature 
compared with those with IDNA and control participants and lower rate of oxygen consumption. 
Plasma thyroxine and tri-iodothyronine concentrations were significantly lower in those with IDA 
than the control women at baseline and during cold exposure. Iron supplementation corrected the 
anaemia improved temperature and partially normalized plasma thyroid hormone concentrations.  
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Sensory disturbance - pica 
Pica is a distinctive but poorly understood accompaniment of IDNA and IDA in some women, 
however most substances consumed contain little or no iron [344]. In pica there is a perversion of 
taste that leads to the daily consumption of food or non-food items, which are not usually part of 
the individual’s diet, in a compulsive manner. These can include paint, chalk and white clay which 
itself inhibits iron absorption [345]. 
Gall bladder motility 
Animal studies have shown the increased fasting volume in iron deficiency results in gall bladder 
stasis. Trespi et al [346] from a study of 23 women with untreated IDA reported complete recovery 
of the gallbladder motility following iron supplementation. .This confirmed the reversibility of 
altered gall bladder muscle tone when fasting. 
Restless legs syndrome 
Restless legs syndrome (RLS) is a neurological disorder characterized by throbbing, pulling, or 
other unpleasant sensations in the legs and an uncontrollable, and sometimes overwhelming, urge 
to move them. Symptoms occur primarily at night when an individual is relaxing and can increase 
in severity during the night. Fatigue from disturbed sleep can be a consequence. As many as 25-
30% of individuals with iron deficiency can have RLS and the incidence is twice as high in women 
[347]. Studies have reported decreasing ferritin being associated with increasing RLS severity; oral 
iron supplements lessening symptoms in some; and all responding to intravenous iron [348]. It has 
been proposed a relative decrease in iron influx or increase in iron efflux across the BBB could 
account for the changes seen in patients with RLS [347].  
Enzyme losses in GI tract 
With a reduction of iron-containing enzymes in the epithelia of the GI tract [78] iron-deficient 
individuals may present with atrophy of lingual papillae, dry mouth due to loss of salivation, 
dysphagia of the oesophageal membrane, and atrophic glossitis, that disappear when iron replete.  
A summary of the functional consequences of iron deficiency have been presented in Figure 7. All 
consequences except impaired thermoregulation have been reported in studies investigating IDNA. 
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PREVENTION AND TREATMENTS FOR IDNA 
IDNA responds to diet, fortified foods and oral supplements with an improvement in serum 
ferritin concentrations although not equally [274, 23] and it is generally unknown whether the 
functional consequences of iron deficiency are alleviated for IDNA as they are for IDA. Treatment 
for identified IDA is initiated promptly [349], however treatment for IDNA is controversial and 
slow to instigate. The US Centre for Disease Control (CDC) currently is not recommending 
treatment for IDNA despite research outcomes [309, 323, 324, 326, 327]. 
  
Figure 7: Functional consequences of IDNA 
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Diet 
Our food intake should provide our bodies with the nutrients essential for current and future 
health; and to help populations, the dietary guidelines provide the guidance to keep iron stores at a 
sufficient level to prevent iron deficiency in otherwise healthy individuals. However, dietary 
manipulations to improve the iron status of women have been minimally investigated in 
intervention trials with researchers favouring the inclusion of fortified staple foods [350] or iron 
supplements [351]. As there have been repeated studies reporting young women consume less than 
the recommended intakes for iron [202, 352, 353] there is the opportunity to determine whether a 
diet providing iron-rich foods in an RCT would be effective at reducing IDNA. Thorough 
investigation of the feasibility of foods rich in iron, especially haem iron, would clarify the necessity 
for the current practice of taking iron supplements with their associated side-effects [354]. Findings 
from cross-sectional studies with young women and adolescents that have measured dietary iron 
intakes against two or more iron biomarkers show positive associations between the measures 
[355]. They also confirm the iron intakes of women are primarily between the EAR and RDI [356].  
If women were to consume the RDI for iron it is expected that nearly all women would be iron 
replete [357]. Miles et al [353] earlier had analysed the self-selected diets of men and women for one 
year and determined that the men who met or exceeded the RDI for iron had serum ferritin levels 
showing adequate iron status; while the women - none of whom met the RDI for iron - had only 
marginal iron stores. No direct correlation however was found between serum ferritin 
concentrations and iron intake. 
Patterson et al [179] have undertaken one of the few RCT testing the ability of dietary 
manipulations to improve the iron status of women. They compared the effects of iron 
supplementation (iron sulphate) and of a high-iron diet (beef) on serum ferritin and Hb 
concentrations in iron-deficient women of reproductive age. Mean Hb improved in both groups, 
but the change was only significant in the supplement group. The high-iron diet produced smaller 
increases in serum ferritin than did iron supplements but resulted in continued improvements in 
iron status during a 6-month follow-up. Lyle et al [177] showed, in exercising female university 
students, meat-based diets improved iron status more effectively than iron supplements and 
Casgrain et al. [358] reported iron supplementation significantly improved iron status however the 
supplementation form (meat, fortified food or tablet) was not a significant modifier of ferritin 
response.  
Looking beyond haem iron, especially taking into account the increasing number of women 
consuming vegetarian meals, studies like that of Lönnerdal et al are researching plant-based 
solutions to the problem. The researchers in this study concluded iron from soybean ferritin is well 
absorbed and may provide a model for plant-based forms of iron for populations with a low iron 
status [359]. The low iron intakes in developing countries by men and women and the high 
Chapter 1: Introduction    53 
prevalence of iron deficiency has encouraged researchers to investigate innovative, cost effective 
activities that may be able to improve iron intake. There were 3 eligible studies within the Cochrane 
database from which Geerligs et al [25] concluded there was some evidence supporting consuming 
food prepared in iron pots increases the Hb concentration of iron deficient individuals. This effect 
appears modified by the user’s age and the presence of malaria and hookworm. Further research is 
required to monitor the use and effectiveness of this low cost approach to improving iron intakes. 
The Australian Iron Status Advisory Panel [360] advocates dietary intervention as the first 
treatment option for mild iron deficiency. Gibson et al [361] comment that increasing the iron 
content of the diets of individuals with IDNA is costly and less effective than iron supplements 
particularly as there are several supplement options. They make the point that in the study by 
Patterson et al [274] iron supplements were more effective and efficient and questioned the priority 
of the Australian Iron Status Advisory Panel [360] encouraging focus on food based management 
of IDNA. Similarly a New Zealand study, following the NZ Food and Nutrition Guidelines, by 
Heath et al [362] was questioned when two participants in the food-based intervention group 
became anaemic. The difficulty is that individual responses vary considerably regardless of whether 
the intervention is food-based or supplement-based. Gibson et al [361] however make valid points 
regarding the use of the most efficient, effective and least costly treatment. However without 
studies that investigate food-based solutions - especially as the intricacies of iron bioavailability are 
still elusive in this era of nutrition transition - an increasing percentage of women on this planet will 
be consuming iron supplements and tolerating gastric distress for 30-40 years. Fortified foods may 
be the compromise.  
Food fortification 
Using biotechnology advances and crop bio-fortification with staple foods may improve planetary 
iron deficiency. The challenge and research in the past, which is continuing today, was to identify 
the best food vehicle combined with an iron fortified compound that would be acceptable to a 
population, sustainable and improve iron status of the individual. Figure 8 presents some of the 
stable compounds used in the fortification of foods [23]. 
In 1994 there was a small-scale study where the drinking water in a day-care centre in Brazil was 
fortified with iron sulphate and ascorbic acid. The results were promising with both Hb and ferritin 
levels normalising within several months [363]. In 2005 Beinner et al confirmed the results of 
Dutra-de-Oliveira et al [363] in a large-scale intervention study and established it was feasible to 
fortify the drinking water in municipal day care centres in southeast Brazil [364]. There was a 
significant reduction in children with IDA over eight months despite the availability of the water 
only five days a week during school hours. Other fortification studies have included Andersson et al 
[365] with margarine; Huo et al [366] with wheat flour; Macharia-Mutie et al [367] with maize; Van 
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Thuy [368] with fish sauce; Beck et al [369] with breakfast cereal; and Beibinger et al [370] with 
wheat-based biscuits. 
 
MOST FOODS  
EG CEREAL FLOURS 
ferrous sulphate ferrous fumarate 
encapsulated ferrous sulphate or 
fumarate 
NaFeEDTA 
ferric sodium ethylenediaminetetraacetate 
electrolytic iron ferric pyrophosphate 
HIGH PHOSPHATE CEREAL FLOURS AND HIGH PEPTIDE SAUCES  
EG FISH AND SOY SAUCE 
NaFeEDTA   ferric sodium ethylenediaminetetraacetate 
LIQUID MILK PRODUCTS 
ferrous biglycinate ferric ammonium citrate 
micronised dispersible ferric 
pyrophosphate  
 
Figure 8: Common iron compounds fortifying foods 
 
However, despite the number of national fortification programs addressing iron deficiency when 
Hurrell et al [371] reviewed the programs in 78 countries, they concluded only 9 were fortifying 
with inadequate levels of recommended iron compounds consistent with both research findings 
and WHO fortification recommendations [24]. In support that the appropriate level of fortification 
is key to the success of population programs, Best et al [372] reviewed studies that tested the 
impact of multiple micronutrients provided via fortification on the micronutrient status, growth, 
health, and cognitive development of schoolchildren. They consistently improved micronutrient 
status and reduced anaemia prevalence. A similar, although specifically iron focused, conclusion 
was expressed by Athe et al [373] who reviewed research on the impact of iron-fortified foods on 
Hb concentrations in children under 10 years of age where they observed an association between 
the intake of iron-fortified foods and Hb concentrations in the children suggesting foods could be 
an effective strategy for reducing iron deficiency anaemia in children. 
The iron fortification story is as complex as the other aspects of iron management in humans. At 
the same time as this trend to fortify staple foods in populations in both developing and developed 
countries there is one nation that has ceased their fortification program. Swedish millers started 
voluntary iron fortification of wheat flour in 1944 and ceased the program in 1994. Hallberg and 
Halthen [374] studied the outcome of this decision. There was a significant increase in iron 
deficiency, from 39.3% to 50.4%, in 15 to 16-year-old girls after elimination of possible 
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confounding factors such as effect of common infections. Iron intakes had decreased by 39% with 
the cessation of iron fortification. Meanwhile Samuelson et al [375] in another Swedish community 
analysed the intake and the iron biomarkers of adolescents at 15 and 17 years. Fortification ceased 
shortly before first data collection. They reported the median daily iron intake in girls fell from 
14.1mg to 8.8mg, and the decrease was to a large extent due to the cessation of iron fortification. 
There was a concurrent decrease in mean serum ferritin that was not significant suggesting the 
earlier iron fortification of flour only marginally contributed to the iron status of this cohort. 
Comparison of both studies and another from 1993 also by Hallberg et al [58] highlighted the 
educational, dietary intake, Hb and serum ferritin differences between the communities studied.  
Rios-Castillo et al [376] studied the low prevalence of iron deficiency in Chilean women of 
reproductive age because of its stability – over three decades. Their mandatory wheat flour 
fortification commenced in 1951. However, as in many countries today, public health campaigns 
focused on reducing the prevalence of obesity and this is beginning to raise concerns because the 
pressure put on individuals to reduce high energy dense foods in one health initiative is 
endangering the success of another, that is, the possible reduction in bread intake will lower iron 
intakes. 
Oral iron supplements  
Supplemental iron is available in two forms – ferric and ferrous – with the latter being better 
absorbed and available in a number of salts. Three of the most commonly used iron supplements 
are ferrous sulphate, ferrous gluconate and ferrous fumarate frequently with either ascorbic or folic 
acid as a second active ingredient [377]. Most supplements, as tablets with ascorbic acid, are best 
taken on an empty stomach to treat iron deficiency but as many as 20% do not tolerate the 
epigastric discomfort [16] and embed the taking of the supplement within or following a meal 
reducing its effectiveness. The gastrointestinal side effects include nausea, vomiting, diarrhea, 
abdominal pain, and constipation. Nausea and abdominal discomfort generally occur within 1–2 
hours of ingestion and tend to be dose-related [354, 377]. For individuals who have difficulty 
tolerating the supplements there are enteric coated forms but these may not be as effectively 
absorbed due to their slow release lower in the GI tract [377]. Lower gastrointestinal side effects 
such as constipation and diarrhea are generally not considered to be dose-related and a study by 
Rimon et al [378] in octogenarians demonstrated increased constipation in patients taking higher 
doses of iron. Side effects impact on supplement compliance [331, 379] and complicate RCT as 
blinding of participants is difficult.  
Leonard et al [380] in a double-blinded RCT reported similar side effects at two strengths of 
supplement trialed (60mg and 80mg elemental iron) and both strengths of iron supplement 
normalized serum ferritin concentrations. Researchers reported blinding was unsuccessful with 
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almost 50% being able to correctly identify their treatment assignment. 
Some multivitamins contain iron in quantities based on the recommended daily intake of 18mg iron 
for women and 8mg iron for men unlike daily iron supplements in Australia that contain between 
100 and 200mg elemental iron for adults [4] which is higher than other countries and 
recommendations. The WHO guideline for preventing IDA in adults is 60 mg elemental iron/d 
[381]; Makrides et al reported 20mg iron/d from week 20 of pregnancy prevented IDA and IDNA 
without side effects [382]; and Cancelo-Hidalgo et al following a systematic review of 111 studies 
concluded an extended-release ferrous sulphate supplement with mucoproteose, containing 80 mg 
elemental iron, appears the best tolerated oral iron supplement [351].  
Supplementation has been considered the approach of choice [1] for developing countries however 
poor adherence by individuals has resulted in a higher than demonstrated iron content of 
supplements [4, 351, 382]. It is estimated this increase in dose further distresses the gut. Lower dose 
supplements or less frequent intakes of supplements may better suit the population improving 
compliance and allowing iron concentrations to be at levels offering less GI distress. In a recent 
RCT Duque et al [383] investigated the effectiveness of lower dose supplementation with ferrous 
sulphate or iron bis-glycinate chelate for 90 days with schoolchildren. In the children with low iron 
stores the serum ferritin concentrations increased and continued to do so after cessation for a 
further 6 months. Viteri [384] reported iron deficient women were taking weekly iron supplements 
of 60mg elemental iron exhibited a progressive enhancement of iron reserves maintaining Hb levels 
above 125g/L. The significant concomitant elevation in serum ferritin was sustained following 
discontinuation of the supplement for several months. In comparison women taking the same 
supplement daily had a faster elevation of Hb and ferritin and fall following supplement 
discontinuation. Fernandez-Gaxiola and De-Regil [385] examined the outcomes from taking 
supplements 1-2 times per week and not on concurrent days. They concluded this to be a feasible 
supplementation approach for women of reproductive age elevating; serum ferritin levels similar to 
a daily program; however it is less affective at preventing or controlling anaemia. Similar to Viteri a 
lower dose supplement than commonly taken in developed countries was effective.  
Understandably treatment for IDA requires effective, fast acting treatment and research is 
continuing on the benefits of intravenous (IV) treatment. This is not addressed here as women with 
IDNA are the focus of this thesis. Research for IDNA is indicating that low dose (yet to be agreed 
upon), iron supplement taken 1-2 times a week should provide acceptable serum ferritin levels with 
minimal gastric discomfort.  
CONCLUSION 
There is the likelihood that women with IDNA are experiencing the functional consequences of 
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iron deficiency, and concurrently, consequences from a marginal deficiency of one or more of the 
B vitamins – B6, B12 or folate [11, 386]. Possibly the presence of depression in IDNA is more 
pronounced with the presence of marginal deficiencies in these vitamins. The additive effect of 
multiple deficiencies has recently been studied by Pan et al [387] in the elderly; finding that the 
depression from marginal deficiencies in vitamin B6 and folate when anaemia was present was 
additive. A deficiency in vitamin B12 was not associated with depression. Studies investigating 
deficiencies in these vitamins have produced varied results and further research on the impact of 
these vitamins with iron deficiency is warranted as dietary sources of all overlap as well as some of 
the functional consequences of deficiency. Low folate intakes by young women are already cause 
for mandatory folate supplementation in Australia [107] and other countries [388, 389]; and there 
are low intakes and deficiency of vitamin B12, especially among vegetarian young women, across the 
continents [390].  
There are limited RCT evaluating the impact of dietary manipulations as preventative or treatment 
strategies for IDNA in young women; or the effectiveness of iron supplements containing less 
elemental iron [380, 382] to elevate iron status. The studies to date that increased haem iron intakes 
have used beef, chicken and fish [179, 191, 391, 392] and not pork, which is widely consumed over 
the world [393] and is reported by women as having more appealing sensory characteristics than 
beef [214, 393, 394]. Additionally, food studies have shown pork-meat to be a more healthful meat 
than consumers perceive [394 - 397]. Could pork-meat, a more acceptable meat flavour  by women, 
improve iron status and feelings of well-being in women of reproductive age especially as it 
provides a noteworthy percentage of each day’s B vitamin recommendations [396]? 
Studies have shown dietary manipulation can have positive outcomes on iron status. Heath et al 
[362] in 2001 succeeded in improving the iron status of young women with IDNA over 16 weeks 
with an rigorous dietary regime (n=22); however the intensiveness of the support offered during 
the study will not be available to most women in the community. The RCT by Patterson et al [179] 
and Lyle et al [177] also reported improving ferritin levels in participants increasing their red meat 
intake. Meat supplements were reported to be more effective in protecting Hb and ferritin status 
during exercise programs than were iron supplements [177].  
However, the eating behaviours of young women; the influences guiding these behaviours; and the 
role of iron within these behaviours have not been sufficiently investigated leaving uncertainty 
concerning iron intake; preferred foods providing iron in their diets; effectiveness of dietary 
manipulation in the longer term; generational changes in intakes and behaviours that have increased 
the prevalence of IDNA in industrialized countries; and the identification of the positive and 
negative forces influencing eating behaviours that may be modifiable. The undertaking of 
quantitative and qualitative research simultaneously, i.e. mixed methods research, could identify 
consistent influences on iron intake that are changeable; modifiable eating behaviours, and 
preferred foods by young women that would provide practitioners context for interventions.  
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R E S E A R C H  A I M S  A N D  M E T H O D O L O G Y  
Research Aims 
To undertake a series of studies to 
1. evaluate the feasibility and effectiveness of increasing total iron intakes, using a pork-
enriched diet or a low dose iron supplement, sufficient to improve iron status (Study 1);  
2. ascertain vitamins B6, B12 and folate intakes, status and relationship to iron status (Study 2); 
3. examine the environmental, behavioural, familial, dietary and biochemical relationships that 
may impact on iron intake (Study 3, 4 and 5); and 
4. identify strategies that may improve iron status. 
Method Overview 
Firstly there will be a randomized controlled trial with embedded vitamin and dietary studies; and 
secondly, a sequential qualitative case study (Figure 9). All studies will be focused on women of 
reproductive age un All studies will be focused on women of reproductive age undertaking tertiary 
studies. The RCT and dietary and vitamin embedded studies use blood analyses, FFQ, food diaries, 
questionnaires and conversation logs to provide data. The qualitative case study will gather data 
from another pool of tertiary students in combination with their mothers and grandmother to 
investigate familial influences on iron consumption. In-depth interviews, researcher observations 
and diaries, participant observations, historical texts and books were analysed using manual and 
computer assisted coding.  
  
Figure 9: Component studies of this research 
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For Studies 1, 3, 4 and 5 
PORK-MEAT IS DEFINED AS A RED MEAT. 
In Australia there has been a history of both referring to pork as the “other white meat” 
(advertising campaign of Australian Pork Ltd - APL); and an industry division between pork and 
the other red meats i.e. beef, lamb and goat (Meat and Livestock Australia – MLA). Scientifically 
there is less division but rather a continuum with haem available for absorption being highest in 
beef and considerably lower in poultry. Pork is “in the middle”. Lombardi-Boccia et al [98] from 
their analysis of haem in raw and cooked meats reported the reduction in haem content on heating 
was greater in beef than pork. The severe heating on the grill for beef further reduced available 
haem. , that the concentration of haem in raw meat was lower in pork compared with beef 
however, there was a greater haem loss from beef when heated.  
In consideration of this and the less restrictive global definition of red meat [398] that includes 
pork; pork will be considered a red meat in the current series of studies.  
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C H A P T E R  2 :  
 
R A N D O M I Z E D  C O N T R O L L E D  T R I A L  
( S T U D Y  1 ) 3 
THE EFFECTS OF CONSUMING PORK-MEAT OR IRON SUPPLEMENTS 
ON THE NUTRITIONAL STATUS OF WOMEN OF REPRODUCTIVE AGE 
AND THEIR FEELINGS OF WELL-BEING  
INTRODUCTION 
The World Health Organization has estimated that iron deficiency is one of the most prevalent 
nutrient deficiencies in the world [1]. Individuals with depleted iron stores or IDNA are considered 
to have a mild to moderate form of iron deficiency and those with IDA have severe iron deficiency 
as they are at the extreme end of the spectrum of iron depletion, with corresponding alterations in 
haematological values and signs and symptoms [4]. As iron deficiency severity increases so too do 
the functional consequences of depleted iron store with chronic fatigue frequently being the first to 
be noticed [67]. Children, adolescents and women in their reproductive years are at greatest risk of 
iron deficiency [15-17]. These women have monthly blood losses [16, 257] and those who are 
pregnant have increased their iron needs due to placental and foetal growth as well as an expanded 
maternal red cell mass [21, 22]. Iron has a high availability in the environment and yet all countries 
are reporting iron deficiency to be the largest cause of anaemia in women [5, 6].  
In recent years the prevalence of IDA has decreased slightly, possibly in response to the higher 
availability of fortified cereals worldwide, increased contraceptive use and iron supplementation to 
communities in developing countries; however IDNA is continuing to rise. This is reflected in the 
rising prevalence of iron deficiency for women in their reproductive years. In Australia this has 
risen from 7.2% [99] in 1997 to ≥ 8% [274] in 2001 and 34% [275] in 2008 and as many as 40.9% 
of young women in Tehran (2010) have compromised iron stores [278].  
Iron status of men and women has been shown to be lower in those consuming a vegetarian diet as 
compared to those eating an omnivorous diet [181, 399]. The lower intake of haem iron and the 
presence of factors that inhibit non-haem iron absorption are the most likely contributors to the 
impairment of iron absorption in those consuming vegetarian diets [400]. The extent of iron 
                                                     
3  McArthur, J.O., Petocz, P., Caterson, ID., Samman, S. A randomized controlled trial in young women 
on the effects of consuming pork-meat or iron supplements on nutritional status and feeling of 
wellbeing. Journal of the American College of Nutrition, 2012. 31: 175-84 
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deficiency, especially in young women can be exacerbated in athletic populations [401] primarily 
due to nutritionally poor diets and a high metabolic turnover rate of body iron. The iron status of 
adolescents was assessed in a national survey of Australian schools [402] and considered generally 
satisfactory except in 15 year old girls where the percentage of iron deficiency was markedly higher 
(9.2%) compared to younger girls or boys (0-1.6%). There were minimal differences in iron intakes 
between the 10- and 15- year old girls [402] suggesting that although iron requirements had 
increased greatly among adolescent girls [31], their diets changed little. Rangan et al [99] in a survey 
of young females observed the incidence of IDNA and IDA to be similarly high (7.2 and 4.5%, 
respectively). A large proportion of the study participants classified themselves as vegetarians 
(13%); reported high menstrual scores; and consumed small amounts of red meat. In a sample of 
New Zealand women, mild iron deficiency was observed in 23% of the cohort with risk factors 
identified as a low intake of meat, fish and poultry; high menstrual blood loss and recent blood 
donation [403]. Thus the combination of increased iron requirement for growth, iron loss through 
bleeding, and poor food selection, are responsible for increasing the risk of iron deficiency in 
women [99, 402-404]. 
Iron deficiency is associated with decreased general health and increased fatigue [67, 298, 322]. 
When iron deficient women were supplemented with iron or advised to consume a diet high in 
iron, particularly a diet high in beef or lamb, their iron status tended to improve [179, 362] and their 
levels of fatigue declined [274]. The roles of other types of red meat, especially pork, in addressing 
iron status have been largely unexplored. Pork-meat contains a number of essential nutrients 
including iron, zinc, vitamins B12 and B6 and folate [396, 405] and in short term studies, meals 
containing pork-meat increase the fractional absorption of iron and consequently increase the net 
amount of iron absorbed by women [110, 406]. A dietary serve of pork-meat (≥50 g) has been 
shown to increase iron absorption significantly [110, 407]. 
STUDY AIMS 
The primary aim of this trial was to determine whether an increase in the intake of pork-meat over 
12 weeks will enhance the iron status and the feeling of well-being in young women. There were 
three secondary aims 
1. identify possible relationships between the iron status biomarkers and vitamins B6 and 
B12, folate and zinc (Chapter 3);  
2. to identify the nutritional impact of increasing pork-meat intake, and the impact of 
taking a daily low dose  iron supplement, using the DGA as a reference point 
(Chapter 4); and 
        Chapter 2: Randomized Controlled Trial (Study 1)    63 
3. to identify the specific eating patterns and behaviours that could contribute to the 
continued poor iron status of young women (Chapter 5).  
Ethics approval 
The University of Sydney Human Ethics Review Committee approved the study and all women 
gave written informed consent prior to their participation.  
METHOD 
Overview 
This was a twelve week semi-blinded randomized dietary and supplement intervention study for 
young healthy women who provided monthly fasting blood samples, swallowed daily iron 
supplements or matched placebo capsules and commit to following a dietary modification protocol 
involving the consumption of pork-meat if requested. The study participants maintained estimated 
food diaries for three 7-day periods, completed several questionnaires, pre- and post- intervention, 
and had anthropometric measures recorded.  
Blood was collected at two locations selected because of their demonstrated expertise with 
processing research studies; their predominant clientele being healthy young females; and their use 
of veni-puncturists who had demonstrated excellent client management skills which minimised the 
trauma often associated with blood collections. The locations were adjoining university grounds 
making them readily accessible to participants. A total of four qualified nurses, following a 
standardised protocol, collected the study samples. Processing and analysis was completed at two 
laboratories, each responsible for specific analyses 
Participants 
Sample size 
In the absence of studies using pork-meat as the haem iron source, expected changes in ferritin 
levels were extrapolated from other red meat interventions. As a result, the sample size calculation 
was based on an anticipated 40% increase in serum ferritin in the intervention groups. Using the 
available red meat studies, twenty-one participants per intervention were determined to be adequate 
to provide 80% power in detecting a 10% change in (serum) ferritin at a 95% confidence interval. 
There would be three study sets, a control and two intervention sets. It was estimated an additional 
thirteen to fifteen participants (20%) would give allowance for incompletes. Funding would be 
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available for a period of twelve months limiting the recruitment period.  
Eligibility criteria 
Young healthy female tertiary students aged 18-35 years who were menstruating regularly and had 
no objection to consuming pork and other meats were candidates for entering the study. Although 
the preparedness to eat meats was essential, the quantity consumed on a regular basis was not an 
influencing factor for study acceptance. There were, however, considerable exclusion criteria – 
blood donation within the previous 12 months; pregnancy, lactation or the birth of an infant within 
the previous 24 months; presence of haemochromatosis or any major illness including recent 
gastrointestinal distress; the taking of prescription medications (except the oral contraceptive pill) 
or non-prescription including nutritional supplements; the presence of past or current eating 
disorders; or adherence to either a vegan or vegetarian eating regime. Level of physical activity and 
participant weight were to be recorded but were not exclusion criteria.  
Recruitment 
Volunteers were recruited in Sydney between August 2008 and July 2009 predominantly from, 
although not confined to, (present and past) students of the University of Sydney. The advertising 
posters were placed in strategic locations on and near campus (n=150) and advertising postcards 
(n=600) were distributed to students at the major entry point to the campus between 0800 and 
1000 h on five occasions during the first three weeks of each semester; routinely varying the day of 
week. The advertising materials provided an email address as the only point of contact enabling 
communication to be streamlined, tracked and almost immediate between researchers and 
participants. The predominant communication avenue once the study commenced was mobile 
phone text messaging in keeping with the preferred style of communication for this generation. 
Participant selection 
Initial expressions of interest were via email and when contacted a return email provided 
participant information sheets, application and consent forms. The application form provided 
researchers with contact details, personal characteristics of relevance to the study and dietary and 
medical information to ascertain the existence of any exclusion criteria. If an applicant was only 
excluded because they were taking elective (non-iron) nutritional supplements, they were given the 
opportunity to cease taking them for a minimum of four weeks prior to commencing the study. 
Most applicants in this situation elected to cease the supplements.  
Once the applicant was determined to be suitable for the study, a Food Frequency Questionnaire 
(FFQ), a SF-36® and a Physical Activity Questionnaire (IPAQ) were forwarded; and on receipt of 
the completed forms and questionnaires, a start date was negotiated. A Participant Identification 
Number (PIN) was allocated and volunteers were randomized to one of three study sets. Although 
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initial contact with prospective participants was limited to email, resourceful students ascertained 
contact telephone numbers and 107 were excluded from participating before formal application. 
Reasons for enquiries not continuing with an application were recorded.  
Randomization 
Restricted randomization was achieved using a random block size. The randomization sequence 
was stored on the database ready for assignment. On the creation of a new participant file on the 
database the next available PIN and its predetermined study set assignment would link to the new 
record. The software assigned participants to their study set – control (C), pork-enriched diet (PE) 
or iron supplement (IS). Each applicant was not added to the database until 24 hours before their 
first blood collection. Withdrawal after the allocation of the PIN, even before commencing the 
study, constituted a “not complete”. The PIN was not reassigned.  
Blinding 
As one intervention required the provision of food (pork-meat) this prevented blinding from the 
dietitian handling pork-meat supplies. Team members responsible for data entry, processing and 
analysis of blood collections were blinded to all allocations. All participants were given food packs 
within similar opaque carry bags although this was only necessary for the (PE) study set. This was 
one of the strategies employed to blind participants and researchers to an individual’s allocation. 
Discussions between participants concerning their specific group allocations were minimised by the 
appointment clustering of (PE) study set. 
Study sets  
Tasks to be undertaken by the study partiicpants have been summarized in Figure 10. Details of the 
tasks follow the figure. 
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  STUDY SET 
  C  PE  IS 
EATING 
BEHAVIOUR 
Maintenance of current dietary eating pattern    
Incorporating pork-meat into dietary eating 
pattern without reducing current red meat 
consumption 
   
SUPPLEMENTS 
Supplement – daily placebo capsule    
Supplement – daily active capsule    
PROVISIONS 
Food pack – replacement 4 weekly    
Food pack (pork-meat) – replacement 2 weekly    
PBLEBOTOMY Fasting blood collections – 4 weekly    
ANTHROPOMETRY Height (week 0) and weights 4 weekly    
QUESTIONNAIRES 
AND DIARIES 
FFQ, IPAQ, SF-36®– week 0 and 12    
Food questionnaire (FQ) – week 12    
7 day food diaries – completed every 4 weeks    
DIETETIC 
CONSULTATIONS 4 weekly    
Study sets : C = control ; PE = pork-enriched diet ; IS iron supplement 
FFQ = food frequency questionnaire 
IPAQ = international physical assessment questionnaire 
SF-36® = MOS 36 item short form health survey 
Figure 10: Responsibilities of each study set 
 
EATING BEHAVIOUR 
Being a participant in the (PE) set necessitated the consumption of pork-meat 3-4 occasions weekly 
and the commitment to prepare home cooked meals using the provided pork. To minimise social 
isolation students were given instruction on estimating the serving size of restaurant provided pork 
meals that could be substituted for the provided pork. A record of substitutions was maintained. 
SUPPLEMENTS (PLACEBO AND ACTIVE) 
A daily capsule 30 minutes before breakfast with at least 300 ml water was taken throughout the 
study. Capsules were divided between three canisters labelled with the PIN and canister sequence 
(1-3). Participants exchanged the canisters at each dietetic appointment returning the last canister at 
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study end. The participants were aware additional capsules were in the canisters to cover spillage or 
appointment rescheduling however exact numbers were not disclosed. Study sets (C) and (PE) were 
provided with placebos (200mg cellulose) identical in appearance to the active capsules. The (IS) set 
were given the active capsules containing 300mg ferrous gluconate (37.4mg elemental iron) and 
200mg of ascorbic acid. All capsules were prepared specifically for the study by a compounding 
pharmacist (Royal Prince Alfred Medical Centre Pharmacy, Sydney, Australia). 
PROVISIONS 
Food packs were given to all participants during the dietetic consults despite (PE) being the only 
set required to consume a particular food item. The (C) and (IS) packs were customized containing 
items consistent with the student’s habitual diet such as ready-to-eat cereals and dairy foods. These 
data were obtained from the pre-study FFQ. 
The food packs for (PE) set contained 2 weeks’ supply (approximately 1 kg edible meat) of frozen, 
raw Australian pork cuts, of the participants’ guided choice. The (PE) set had additional food pack 
collections scheduled in-between the standard dietetic consultations to minimise ‘feast and famine’ 
intakes of the pork and to accommodate limited freezer capacity. No restrictions were placed on 
either the cooking method or style of meal consumed. The (PE) set could substitute poultry, fish or 
vegetarian options in their diets with the provided pork-meat but were not to substitute or reduce 
their habitual red meat intake. Pork cuts were selected and weights (prior to freezing) were 
recorded. Pork not consumed in-between collections and any supplementary restaurant pork-based 
meals consumed were also recorded. Figure 11 presents the cuts available to the (PE) set. These 
cuts were chosen from consumption preferences in the 1995 Australian National Nutrition Survey 
[408]; had available analyses in the NUTTAB 2006 electronic database of Australian foods 
(NUTTAB) [409, 410] and Greenfield et al [405]; and could be obtained from independent and 
supermarket butcheries within 10 km radius of the university. 
Routinely the participants selected their preferred cuts knowing the iron content of each and that 
maximizing their iron intake was desirable. To streamline the first pork collection a standardized 
pack that required basic cooking skills was provided. This pack contained 600g lean pork, minced; 
250-300g lean scotch fillet (pork neck); and 200-220g lean pork leg which provided a total of 12.0-
12.7mg iron. Students decided when they would consume the pork during the two weeks but were 
asked to spread the intake. Cuts provided were not necessarily serving sizes as it was anticipated 
there would be some batch cooking. 
Laboratory analyses of the pork cuts provided were not undertaken as part of this study but rather 
there was reliance on NUTTAB [409] and the Greenfield et al [405] analyses. 
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PORK CUTS  
(1 – highest iron content; 8 – lowest iron content) 
1 Pork Neck (whole and sliced purchased) 
2 Pork Mince 
3 Pork Fillet 
4 Thick Sausages 
5 Loin Chops 
6 Pork Medallions and Butterfly Steaks 
7 Pork Leg, (chopped, stir fry strips and flattened for schnitzel) 
8 Leg Ham slices 
 
Figure 11: Pork cuts available to participants 
 
At the pork-meat collections the dietitian’s role was to  
1. record the weight of selected cuts; the type of cut; and any comments made concerning the 
study or pork-meat; 
2. assist the participants select the maximum quantity of iron that they believed they could 
consume in the ensuing two weeks, encouraging them to take a little more;  
3. help the participant overcome any pork-meat consumption or preparation difficulties;  
4. ascertain the cuts (if any) not consumed in the preceding two weeks and the reason 
without judgement. 
 
PBLEBOTOMY, ANTHROPOMETRY, QUESTIONNAIRES, DIARIES AND CONSULTATIONS. 
These will be detailed under ‘data collection’. 
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Data collection 
There were blood, dietary, anthropometric, and supplement intake data collected at four weekly 
intervals commencing at ‘week 0’. Questionnaires were completed by participants, pre- and post-
intervention. Figure 12 outlines the timetable for data collection. 
 
  
C Face to face consults FP food pack FD food diary 
BC blood collection HW height, weight SC supplement collection 
QR FFQ, IPAQ, SF-36® FPP food pack - pork FQ food questionnaire 
DC dietetic consult SX supplement exchange  
S supplements provided W weight  
BC 
QR 
DC 
S 
FP 
HW 
1C 
BC 
DC 
SX 
FP 
W 
FD 
2C
BC 
DC 
SX 
FP 
W 
FD 
3C
BC 
QR 
DC 
SC 
W 
FD 
4C
DC 
W 
FQ 
5C  
FPP FPP FPP 
WEEKS STUDY 
START 
0 4 8 12 16 
Figure 12: Data collection timetable 
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Clinical data 
BLOOD 
Samples were collected at two centres associated with each centre responsible for half of the 
collections. Centre A collected samples (n=150) from August 2008 until June 2009 and Centre B 
collected samples (n=149) from June until November 2009. A researcher was present at all 
collections to ensure adherence to protocols, including the transfer of blood samples to the 
laboratories. Each (fasting) participant had 10 ml venous blood collected every 28 days (±2 days). 
They fasted overnight (10-12 hours); omitted their capsules the morning of collection; were asked 
to refrain from alcohol and strenuous exercise the day prior to collection; and to schedule their 
follow-up collections within 30 minutes of the initial collection time.  
All samples were taken between 0730 and 0930 h from an ante-cubital vein with participants in the 
supine position. On each occasion, blood samples from individual participants were collected into 
vacutainer tubes (Becton Dickinson, Franklin Lakes, NJ, USA): EDTA-coated tubes for the 
subsequent analysis of erythrocyte folate, Hb, plasma vitamin B6, and plasma zinc concentrations, 
and untreated tubes for the analysis of iron biomarkers (serum iron, ferritin, transferrin), serum 
folate and vitamin B12. Samples for the analysis of vitamin B6 were collected in tubes that were 
shielded from light. At the Royal Prince Alfred Hospital laboratory, Sydney, NSW the 
concentrations of vitamin B12, serum folate, erythrocyte folate, and ferritin were determined by 
using an automated system (UniCel DxI Immunoassay System, Beckman Coulter Inc. Ca, USA). 
Serum iron concentrations were determined by a colourimetric method (Cobas Fara II, Hoffman-
La Roche Inc, NJ, USA). Transferrin concentrations were determined by an automated method 
(Immage, Beckman Coulter Inc. Ca, USA), and transferrin saturation was determined by dividing 
the serum iron concentration by the TIBC. Plasma vitamin B6 (pyridoxal-5-phosphate) 
concentrations were determined by using a kit (HPLC kit, Chromsystems Instruments & Chemicals 
GmbH, Munich, Germany). Plasma zinc were processed and analysed at one of the University of 
Sydney, NSW laboratories. Blood samples were kept on ice for up to two hours following 
collection and centrifuged at 3000 rpm for 10 min at 5°C. Samples were transferred to eppendorf 
tubes and immediately frozen at -80˚C for later batch analysis. Plasma zinc concentrations were 
determined by using atomic absorption spectrometry (SpectrAA 20 plus, Varian Inc, Melbourne, 
Australia).  
ANTHROPOMETRY 
At each dietetic monthly consultation duplicate weights were measured and averaged. The 
participants were wearing light clothing and no shoes. Digital measurement was to the nearest 0.1 
kg (Tanita, Corporation, Kewdale, USA). Height was measured at the initial consultation, twice and 
averaged, to the nearest 0.1 cm (Harpenden Stadiometer, Holtain Ltd., Crymch, Dyfed, UK). 
Height (m) and weight (kg) measures were recorded for body mass index (BMI) calculation. 
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Dietary data 
FFQ 
These indicated the stability of nutrient intakes during the study for study sets (C) and (IS) and 
identified management of the replacement by pork-meat for the (PE) set. This was a validated 
semi-quantitative 235 question self-administered FFQ modified (for the Australian food supply and 
language) [411] from a 1988 Willett FFQ [412]. Enhancements were made to the FFQ which 
included portion size estimates; and a series of open-ended questions allowing participants to 
record meals and food items absent from the FFQ. These added items would be considered by the 
participants as necessary inclusions to gain a full understanding of their total diet. A final 
enhancement was the inclusion of the specific pork-meat cuts (n=9) provided in the study.  
Items were categorised into major categories and sub categories reflecting those used for the 1995 
Australian National Nutrition Survey [408] excepting soup and legumes that were categorized in the 
vegetable section and meats that were categorized to reflect commonly used cuts and dishes of red 
meat, processed meat, organ meats and chicken. The ability to identify food variances within a 
grouping would provide another dimension to analysis particularly for this ‘MEAT AND 
ALTERNATIVES’ category. Once involvement in the study was confirmed the participants completed 
either an electronic or printed version of the FFQ which took 40-60 minutes to complete. 
Duplicate data entries by researchers were required for print versions to eliminate data entry errors. 
NUTTAB [409] nutrient database was used for analysis. Further details are in Appendix 4. 
FOOD QUESTIONNAIRE 
This was a final questionnaire completed 2-4 weeks following study end and before they were 
explained their clinical results and the opportunity to speak to a dietitian. Food management 
questions were posed; clarification of food behaviours and beliefs; self-realisations concerning their 
food practices; and feedback regarding their experience of being a study participant. Data collected 
were examined in Studies 3 and 4. 
FOOD DIARIES 
A total of three 7-day food diaries were maintained by participants on consecutive days on the days 
surrounding each blood collection. The diaries were a measure of diet consistency throughout the 
study and offered insight regarding meal composition and dietary patterning. The diaries were 
checked for consistency against the FFQ. Data collected was primarily for the embedded dietary 
studies (Chapters 4 and 5) 
Participants recorded their breakfast, lunch, dinner, snacks and fluids each day on sequentially 
numbered sheets. Omissions and possible misinterpretations were clarified at the dietetic consults 
prior to coding.  
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While maintaining their food diaries completion, participants, on a separate chart, estimated the 
number of serves consumed each day from each of the food groupings in the AGHE. Participants 
had demonstrated familiarity with the guidelines prior to starting the trial. 
DIETETIC CONSULTATIONS 
Individual consultations with the dietitian followed each of the blood collections and by using 
checklists all participants received similar consultation content and built a good working 
relationship with the dietitian. All discussions were entered into the database enabling comparison 
between participants. Figure 13 describes the agenda for the initial and following consults; and the 
supplementary pork collections. These were scheduled to separate the study sets. 
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the new pack, if appropriate. 
Study sets : C= control; PE = pork-enriched diet; IS = iron supplement 
Figure 13: Dietetic consultation format 
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Well-being data 
In this study the SF-36®was used to compare participants in the two intervention study sets (PE 
and IS) against the control set (C); and the control set against women in the general population of a 
similar age living in Australia. The variance between the control and intervention sets provides a 
measure of any change attributed to the interventions; and the control and general population 
comparison identifies the mental health of the students. Participants were instructed to be relaxed 
in a familiar environment when completing the survey. The survey reflects the preferences of the 
individual so there are inclusions for personal evaluation of their current health status, susceptibility 
to illness and health outlook. The shorter version of the Health Survey was used which has eight 
health concepts and was most suited to our purposes. The participants were asked to rate the 
frequency of occurrence for the symptoms listed using a 3-6 level response scale. The responses 
were coded and transformed to a score ranging from 0 (worst health state) up to 100 (best health 
state). Five of the scales define health status as the absence of limitations or disability. Three of the 
scales are bipolar in nature and measure a much wider range of negative and positive health states. 
See Appendix 4 for details. 
Physical activity data 
The IPAQ short form is an instrument designed primarily for population surveillance of physical 
activity among adults (15-69 years) and as an evaluation tool in intervention studies (although not 
the intended purpose) [413]. The specific types of activity that are assessed are walking, moderate-
intensity activities and vigorous-intensity activities. Computation of the total score for the short 
form requires summation of the duration (in minutes) and frequency (days) of walking, moderate-
intensity and vigorous-intensity activities.  
Each of the participants completed the IPAQ short form version at week 0 and 12 with differences 
noted. Further details of this process can be found in Appendix 4. 
Standardisation 
The maintenance of a standardised supportive and non-influential relationship between researchers 
and participants was achieved by using checklists, appointment scheduling that allowed just 
sufficient time to complete the study tasks, and establishing efficient and effective remote 
communication. This generation was very comfortable with and preferred emails and text 
messaging which enabled communication to be frequent but not time consuming for the 
researcher. 
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Data management 
Using FileMaker Pro 11v3.0 (FileMaker Inc; Santa Clara, California, USA.), a database was 
developed to manage the administration and data collected from all aspects of this study. Figure 14 
presents the relational database. Data were entered, via remote computer stations, in specific tables 
for pathology results, timetabling of appointments, and questionnaire responses. There was 
duplicate entry of all pathology results and questionnaire responses. Once entered, data were 
available to the principal researcher where comparison algorithms were used to identify and correct 
any coding or entry errors before the data were imported into the database. On the database, links 
identifying participant details and study set assignment (C, PE or IS) were hidden. The researcher 
providing the pork-meat and the researcher administering the blood collections were exceptions 
and the data released to them have been highlighted in Figure 14. 
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NUMBER 
STUDY SETS
other 
reports
communication 
log 
appointments
C PE IS
 
 
data required by provider of pork-meat 
data required by researcher processing blood collections
Study sets: C = control; PE = pork-enriched diet; IS = iron supplement 
Figure 14: Data management and participant security in the database 
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Statistical analysis  
The package PASW version 18 (previously known as SPSS, SPSS Inc, Chicago, Illinois 2010) was 
utilised for all statistical analyses. Significance was set at p< 0.05.  
Differences between Study Sets were assessed by using linear models with the final (12-week) value 
as response, group as a fixed factor, and the initial value of the variable and an overall measure of 
change in well-being as covariates. Two overall measures of change in well-being were utilised: the 
first consisted of an average of the changes on the sub-measures of well-being, adjusted so that 
higher scores had positive meaning on each; the alternative was a linear combination of five of the 
eight sub-measures, identified by a factor analysis as the first principal component. As well as the 
univariate analyses, a multivariate analysis was used to investigate group differences the whole 
group of biomarker variables.  
OUTCOMES 
Participant characteristics 
There were participants selected for the trial who were predominantly from year 4 (Honours year) 
and year 5 (Masters year 1). They were full-time students on the main campus of Sydney University 
who had been consuming foods on campus for a minimum of three years. They were within the 
healthy range for BMI; only 1 smoked cigarettes. At baseline (Table 1) there were no significant 
differences between the study sets in anthropometric measures. Exclusion criteria removed 
potential participants who were not in good health.  
 
  
Participants (n=76) C PE IS All 
Age (years) ± SD 25.2±4.2 24.2±4.5 24.6±4.6 24.6±4.4 
BMI (kg/m2) at week 0 ± SD 21.8±2.2 22.5±3.8 21.0±1.9 21.8±2.8 
BMI (kg/m2) at week 12 ± SD 21.8±2.1 22.7±3.7 21.0±2.0 21.8±2.8 
Participant distribution (%) 36.8 29.0 34.2  
Consumes alcohol (%) 81.1 79.6 92.3 84.3 
Smokes cigarettes (%) 1.3 0.0 0.0 1.3 
Taking oral contraceptive pills (%) 42.9 ………data not collected a……… 
Study sets: C = control; PE = pork-enriched diet; IS = iron supplement 
SD = standard deviation 
a OCP use is reported  not significantly associated with iron stores despite duration of use. [414] 
Table 1: RCT participant characteristics 
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Participant selection 
In Figure 15 the process of participant selection is presented within the consolidated standards of 
reporting trials (CONSORT). From the 90 formal applications 76 participants were eligible and 
randomized into the three study sets. 
 
  
Flyer Advertising  
(n=600) 
Email and  
Phone Enquiries  
(n=197) 
Assessed for eligibility 
(n=90) 
Randomized  
(n=76) 
Excluded 
(n=107) 
 -no participation payment 
 (n=23) 
  declined to cease supplements 
(n=17) 
  male (n=3) 
 -religion (n=3) 
  medications (n=26) 
 -past history eating disorder 
(n=1) 
  regular blood donors (n=5) 
  inability to swallow capsules 
(n=28) 
 -unknown (n=4) 
Excluded 
(n=16) 
 declined to cease supplements 
(n=1) 
 antidepressant medications 
 (n=3) 
 blood donation (n=1) 
 iron supplements (n=4) 
 food exclusions (n=7) 
Delayed Acceptance 
 (n=7) 
 multivitamins (n=5) 
 B vitamins (n=4) 
 Fish Oil Supplements (n=3) 
 erbal Supplements (n=1) 
 Evening Primrose Oil (n=2) 
Poster Advertising 
 (n=150) 
Figure 15: Participant selection (Part A of the CONSORT diagram) 
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Of the 76 participants who were enrolled in the trial, 11 withdrew mostly due to the inconvenience 
of being involved in a trial or the discomfort associated with ingesting a capsule. The withdrawals 
were mainly in the control (n=6) and iron supplement (n=4) sets (Figure 16). Sixty-five students 
completed the intervention - (C, n=22; PE, n=21; IS, n=22). 
  
Clinical outcomes 
 Table 2: Iron status was affected to some extent by the interventions. Compared to (C) and (PE), 
participants in (IS) set showed transient increases in serum iron concentrations and transferrin 
saturation, both increased at week 8 but returned to baseline or below baseline levels by week 12; 
despite these different patterns, the repeated-measures ANOVA did not indicate any significant 
differences between study sets. In contrast, a sustained and significant increase (P=0.001) in serum 
ferritin concentrations was observed in participants assigned to (IS) set as compared to the other 
study sets and the percent change from baseline was significantly higher at week 12 as compared to 
week 0.  
  
Randomized  
(n=76) 
Withdrawal 
(n=6) 
 Lost contact 
 (n=1) 
 Reported did not feel 
different  (n=1) 
 Reported too stressed 
(n=2) 
 Reported capsules 
problematic (n=2) 
Withdrawal  
(n=1) 
 Reported relocation inter-
state (n=1) 
Withdrawal  
(n=4) 
 Reported too stressed 
 (n=3) 
 Reported feeling unwell 
 (n=1) 
Control set 
(n=28) 
Pork-enriched diet set  
(n=22) 
Iron supplement set  
(n=26) 
Completed study 
(n=22) 
Completed study  
(n=21) 
Completed study 
(n=22) 
Figure 16: Randomization and study participation (Part B of the CONSORT diagram) 
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 weeks 
 0 4 8 12 
Serum Iron (µmol /L ± SD)     
 Control (n=22) 16.5±6.4 16.8±9.31 16.2±9.4 17.8±8.0 
 Pork-enriched diet (n=21) 19.4±7.3 17.0±5.3 17.2±6.8 17.2±7.7 
 Iron Supplement (n=22) 17.9±6.0 20.2±9.2 22.0±9.0 18.2±8.8 
Serum Ferritin (µg/L ± SD)     
 Control (n=22) 29.5±22.4 28.9±21.11 26.1±19.1 30.0±20.4 
 Pork-enriched diet (n=21) 27.3±17.2 24.8±16.9 23.5±19.4 23.0±15.9 
 Iron Supplement (n=22) 34.5±29.1 41.7±30.8 44.5±32.5 45.2±26.6a 
Haemoglobin (g/L ± SD)     
 Control (n=22) 130.9±9.1 131.3±10.11 131.6±8.2 127.5±8.0 
 Pork-enriched diet (n=21) 132.9±7.3 135.8±6.7 133.1±8.5 132.8±7.4b 
 Iron Supplement (n=22) 132.2±6.7 134.0±7.2 132.2±7.41 132.6±7.4b 
Serum Transferrin (g/L ± SD)      
 Control (n=22) 3.1±0.6 3.0±0.51 3.0±0.5 2.9±0.5 
 Pork-enriched diet (n=21) 3.0±0.6 2.9±0.4 2.9±0.4 2.8±0.4 
 Iron Supplement (n=22) 2.9±0.6 2.7±0.5 2.7±0.5 2.6±0.5 
Transferrin Saturation (% ± SD)     
 Control (n=22) 22.0±9.4 23.0±14.41 22.2±12.7 25.1±12.1 
 Pork-enriched diet (n=21) 26.4±9.0 23.4±7.7 24.4±10.2 24.4±11.5 
 Iron Supplement (n=22) 25.5±9.8 29.0±11.0 33.7±14.6 28.0±12.0 
Zinc (µg/L  ± SD)     
 Control (n=22) 14.0±2.42 14.0±2.13 14.4±2.42 14.4±2.82 
 Pork-enriched diet (n=21) 15.1±2.9 14.5±2.2 15.1±3.0 14.4±2.2 
 Iron Supplement (n=22) 14.9±3.3 13.9±3.9 14.1±3.2 12.8±3.3c 
a = significant increase (P=0.001) in IS compared with C and PE. b = significant increase (P<0.05) compared with C 
c = significant decrease from week 0 (P<0.05) 
Table 2: Iron biomarkers and zinc at weeks 0, 4, 8 and 12 
 
When Hb concentrations are expressed as the difference from baseline values, the change at week 
12 was significantly (P<0.05) higher in (PE) and (IS) sets as compared to individuals in (C). This 
was mainly due to Hb falling below baseline values in (C) set whilst the concentrations were 
maintained in (PE) and (IS). When assessed by repeated-measures ANOVA, no significant 
differences were seen in Hb concentrations between any of the study sets. Iron status was affected 
by the interventions. At week 12, Hb concentrations were significantly (P<0.05) higher in (PE) and 
(IS) sets as compared to individuals in (C). Serum ferritin concentrations were increased 
significantly in subjects assigned to (IS) as compared to the other study sets. No differences were 
observed for serum iron concentrations or Transferrin saturation (%) although all study sets 
        Chapter 2: Randomized Controlled Trial (Study 1)    79 
showed a non-significant downward trend over time.  
Examining the percentage change from week 0 to week 12, there was improvement in serum 
ferritin when taking iron supplements, even at a low dose over the period of the study. Both the PE 
and IS sets were able to maintain their Hb levels unlike the C set, however this was not significant. 
The serum iron and transferrin saturation were relatively unchanged by the enriched pork diet. 
There was a non-significant fall seen in serum ferritin by the PE set despite maintenance of Hb 
(Figure 17).  
 
Study sets: C = control; PE = pork-enriched diet; IS = iron supplement 
 
Figure 17: Percent change: serum ferritin, iron, transferrin saturation and Hb (weeks 0-12) 
 
Over the course of the intervention, plasma zinc concentrations showed a marginal decrease 
(P=0.059) from repeated-measures ANOVA) in (IS) compared to (C) and (PE), and were 
significantly lower (P<0.05) by week 12 as compared with concentrations recorded at baseline 
(Table 2). Plasma zinc concentrations at the end of the intervention were similar to baseline 
concentrations for individuals in the (C) and (PE) sets but were decreased significantly for the (IS) 
(Table 2). Plasma- and erythrocyte-folate, serum vitamin B6 and serum vitamin B12 concentrations 
were not significantly affected by the intervention (Table 3), although the change in vitamin B6 and 
vitamin B12 concentrations at week 12 showed an upward trend in (PE) set (Figure 18).  
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 week 
 0 4 8 12 
Vitamin B6 (nmol/L)     
Control (n=22) 115.5±49.6 96.4±24.41 94.5±22.9 90.1±18.5 
Pork-enriched diet 
(n=21) 94.1±26.7 88.8±28.9 90.8±18.0 107.1±72.1 
Iron Supplement (n=22) 134.8±97.2 107.2±27.0 118.7±87.2 110.8±48.0 
Vitamin B12 (pmol/L)     
Control (n=22) 258.3±160.4 262.9±147.91 250.3±164.8 244.7±158.0 
Pork-enriched diet 
(n=21) 241.0±88.9 241.0±83.1 264.6±94.5 269.2±102.8 
Iron Supplement (n=22) 286.2±118.9 265.9±110.4 273.5±116.3 279.0±119.8 
Serum Folate (nmol/L)     
Control (n=22) 19.6±7.6 20.3±7.11 19.2±7.9 19.0±5.9 
Pork-enriched diet 
(n=21) 19.6±9.1 17.6±8.0 18.2±7.1 16.2±7.0 
Iron Supplement (n=22) 26.3±9.6 23.9±10.3 23.8±8.5 23.2±9.2 
RBC Folate (nmol/L)     
Control (n=22) 1046.5±1047.4 779.3±302.61 804.6±323.4 814.9±296.6 
Pork-enriched diet 
(n=21) 825.0±360.5 740.9±369.9 736.8±374.9 748.6±296.2 
Iron Supplement (n=22) 889.2±337.5 766.4±274.6 843.9±309.5 833.0±232.4 
x1: n=21, collection missed 
 
Table 3: Serum vitamins B6, B12, folate; and erythrocyte folate concentrations at four time-
points (expressed as value ± SD) 
 
 
 C  PE IS 
Serum Ferritin 16.6±56.2 -8.8±42.0 61.0±83.4 
Vitamin B6 -15.0±24.4 16.9±66.0 -0.3±37.4 
Vitamin B12 -8.4±14.6 14.2±24.5 -1.5±27.8 
Plasma Zinc 13.4±24.9 -3.3±13.7 -12.6±17.5 
Study sets: C = control; PE = pork-enriched diet; IS = iron supplement 
Figure 18: Percent change: plasma vitamins B6 and B12, zinc and ferritin. (week 0-12; 
expressed as value ± SD) 
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Dietary outcomes 
Meeting intake nutritional benchmarks 
All participants had zinc intakes higher than the EAR and only 3% failed to meet the RDI for zinc. 
However baseline data reveal the young women were consuming less than these nutritional 
benchmarks for most vitamin and minerals associated with their health (Figure 19). This figure 
shows vitamin B12, calcium and folate intakes do not meet the EAR for 15-25% of participants and 
approximately 60% of participants failed to consume the RDI for iron for the three months prior 
to the study, however only 2% the EAR. 
 
RDI = Recommended dietary intake; EAR = Estimated average requirement 
Figure 19: Participants (%) NOT meeting nutritional benchmarks 
Frequency of pork-meat consumption by this population 
During university vacation for the three months prior to the study, consumption of pork-meat was 
≤ 4 times per month for 54% of the women (Table 4). The (PE) set more than doubled their intake 
of pork during the study with increases as high as 900%.  
  
 Frequency per month Participants % 
Never  6 
Infrequent < 1 19 
Low 1-3 23 
Medium 4-7 31 
High ≥ 8 21 
  
Table 4: Pork-meat consumption prior to study (all participants) 
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Nutrient intakes 
At baseline there were no significant differences between nutrient intakes for each study set (Table 
5). Protein intakes were not significantly different between study sets at week 12 despite the 
additional pork-meat consumed by (PE) study set. See page 67, under Provisions, for the (PE) 
study set allowed substitutions.  
 
 Total Participants (C) set (PE) set (IS) set 
 T=0 T=12 T=0 T=12 T=0 T=12 T=0 T=12 
Total  
Energy(MJ) 
12.7  
±1.6 
11.2  
±4.9 
13.2  
±5.3 
11.3  
±5.6 
14.9  
±6.9 
12.8  
±5.5 
10.7 
±3.6 
9.8  
±3.1 
Protein  
(% energy) 
20.2 
±3.9 
20.5 
±3.2 
21.0  
±5.0 
20.3  
±3.7 
19.6  
±3.1 
21.8  
±3.4 
19.9  
±3.3 
19.8  
±2.3 
Carbo- 
hydrate 
(% Energy) 
44.4 
±3.9 
43.2 
±5.6 
42.4  
±7.4 
43.4  
±6.7 
44.0  
±5.4 
41.2  
±5.3 
46.6  
±6.5 
44.4  
±4.4 
Fat  
(% energy) 
32.9 
±6.1 
33.8 
±4.6 
32.9 
±6.2 
32.9  
±5.2 
34.4  
±5.9 
35.1  
±4.7 
31.8  
±6.2 
33.9  
±3.8 
Alcohol 
 (% energy) 
1.8  
±2.8 
1.8  
±2.6 
2.9  
±4.0 
2.6  
±3.9 
1.3  
±1.3 
1.3  
±1.2 
1.1 
±1.4 
1.3  
±1.5 
Iron  
(mg) 
19.0  
±7.4 
16.8  
±7.0 
19.3  
±6.8 
15.9  
±6.2 
21.8  
±8.77 
19.3  
±8.6 
16.6  
±6.40 
16.0  
±6.4 
Zinc  
(mg) 
20.1  
±8.9 
17.9  
±7.5 
21.2 
±9.9 
17.2  
±7.8 
21.9  
±9.8 
20.9  
±8.2 
17.6  
±7.0 
16.3  
±5.9 
Calcium 
(mg) 
1492  
±699.3 
1308  
±959.9 
1658.6
±658.9 
1536.6±
1356.7 
1721.4
±905.3 
1376.5 
±784.5
1158.7 
±410.8 
988.3  
±366.4 
Vitamin 
B6  (mg) 
2.3  
±1.0 
2.0  
±0.9 
2.5 
±1.0 
1.9  
±0.8 
2.7  
±1.1 
2.2  
±1.1 
1.9  
±0.8 
1.9  
±0.9 
Vitamin 
B12  (ug) 
4.0  
±2.2 
3.5  
±1.7 
4.2 
±2.2 
3.2  
±1.6  
4.2  
±2.1 
3.9  
±1.9 
3.7  
±2.3 
3.5  
±1.7  
Diet. 
Folate 
Equiv (ug) 
635.5 
±455.6 
565.7 
±402.1 
702.0  
±590.2 
633.2  
±494.4 
783.9  
±423.1 
593.3  
±406.6 
461.0  
±231.8 
484.4  
±282.6 
Vitamin  
C  (mg) 
189.7 
±122.1 
160.20
±96.5 
201.1  
±127.0  
149.9  
±81.1 
234.6  
±151.5 
198.5  
±129.0
145.8  
±75.4 
140.9  
±77.2 
Study sets: C = control; PE = pork-enriched diet; IS = iron supplement.             Values are ± SD 
Table 5: Nutrient intakes week 0 and week 12 (Source FFQ – (IS supplement intake week 12 omitted)” 
 
Table 6 compares intakes of protein for all sets. The ‘meats and alternatives’ category, of the FFQ 
represents between 40-50% of all protein intake, notably the haem iron sources and has been used. 
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 Control (C) n=20 
mean g protein/day* ± SD 
Pork-enriched diet (PE) n=16 
mean g protein/day* ± SD 
Iron supplement (IS) n=21 
mean g protein/day* ± SD 
 TO T 12 change TO T 12 change TO T 12 change 
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beef and veal 28.5±4.1 22.1±3.4 -6.4±3.7 31.8±4.8 28.4±4.1 -3.4±3.3 24.7±4.5 24.6±3.9 -0.2±3.5 
lamb 6.9±1.3 5.8±1.1 -1.1±0.9 12.9±3.4 7.2±1.4 -5.7±2.8 6.3±1.7 6.6±1.4 0.3±1.1 
kangaroo 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.2 0.0±0.0 0.0±0.2 
poultry 8.6±1.9 9.8±3.3 1.1±3.5 12.0±3.2 7.8±2.1 -4.2±3.0 8.3±1.7 7.8±2.8 -0.5±2.5 
pork 3.1±0.8 3.0±0.9 -0.1±0.7 3.5±1.0 25.3±4.1 21.8±3.8 4.3±1.6 2.6±0.9 -1.7±1.2 
ham and bacon 2.2±1.0 3.0±1.2 0.8±1.2 2.3±1.1 3.9±1.5 1.7±1.3 1.3±0.6 1.8±0.7 0.5±0.6 
other deli meats 1.0±0.7 1.9±1.5 0.8±1.2 0.9±0.7 1.5±1.2 0.6±0.6 0.6±0.4 0.7±0.5 0.0±0.3 
fish and seafood 9.2±2.2 7.0±1.6 -2.2±1.7 10.3±2.2 8.9±2.0 -1.4±2.2 8.3±1.7 8.3±1.7 0.1±0.9 
vegetarian "meats" 0.1±2.0 0.1±3.4 0.0±3.5 0.1±2.9 0.1±2.0 0.0±2.5 0.5±1.3 0.0±0.1 -0.4±1.3 
mean intake protein (g) for the meat 
and alternatives group 59.8±21.9 53±27.3 -6.7±30.5 73.8±37.4 83.2±29.2 9.4±39.1 54.3±33.1 52.4±27.4 -1.9±19.7 
mean intake protein (g) for total diet 151.6±17.1 141.1±18.5 -10.5±10.9 166.9±21.6 161.0±22.4 -6.0±11.9 125.4±16.7 113.5±14.9 -11.9±7.1 
% mean daily protein provided by 
“meat and Alternatives” group 39.4 37.6  44.2 51.7  43.3 46.1  
% mean daily protein provided by 
pork (including ham and bacon) 
3.5 4.2  3.5 18.1  4.5 3.9  
 
* Intakes from the ‘meats and alternatives’ category in the FFQ 
Table 6: Changes in protein sources during the study ( all sets) 
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(PE) set did reduce existing red meat (beef and lamb) intake, greater than (C) and (IS) sets. In 
Figure 20 where all dietary sources of protein have been considered, (PE) have predominantly 
reduced intakes of dairy foods, fish, poultry, mixed dishes, lamb and to a lesser extent beef. 
Vegetable intake has increased. 
Selected cuts of pork-meat during the trial 
The favoured cuts of (PE) set were mince (85%), sausages (76%) and pork neck (70%).  Eight cuts 
(Table 7) were offered and the participants were aware of the cuts with the higher iron 
    
Pork Cuts 
   per collection 
Iron mg/100g 
raw weight*  
Selection** 
(%) 
Range 
gm(raw wt) 
Median 
gm(raw wt) 
Mince 1.2 85 180 - 1100 320 
Neck/Scotch Fillet 1.2 70 100 - 1200 225 
Fillet 1.1 3 268 - 900 310 
Medallion 1.0 25 113 - 400 185 
Thick Sausages (duo packs) 1.0 76 200 -  600 400 
Ham 0.9 47 100 -  250 250 
Leg (cubed or strips) 0.9 51 100 -  524 200 
Loin Chop 0.8 21 130 -  400 200 
Schnitzel (pre-crumbed) 0.8 21 110 -  249 170 
Butterfly Steak 0.6 2  95 -  200 115 
*  using NUTTAB analysis and definitions 
** percentage of participants selecting this cut on one or more occasions 
 
Table 7: Preferred pork selection by participants (PE) 
  
Figure 20:  (PE) study set – change in protein sources (week 0-12) ..source FFQ 
                              week 0                   week 12           
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content and that the researcher wanted them to have a consistent intake of iron each collection 
where possible. 
Supplement Intake 
Both the placebo and active supplements were taken 88%-92% of days during the study. Table 8 
reports the small non-significant variance at weeks 4, 8, 12.  
     
STUDY SETS PERCENTAGE TAKEN (%) 
 WEEK 4 WEEK 8 WEEK 12 STUDY AVERAGE 
Control  91.4 89.3 85.7 88.8 
Pork-enriched diet 92.1 90.8 88.1 90.3 
Iron supplement 94.6 90.1 93.2 92.6 
     
Table 8: Adherence to supplement (active and placebo) regime 
Well-being outcomes 
Figure 21 shows at week 0, when using component scores from the SF-36® , study participants 
have higher feelings of well-than Australian age-matched females [415]. 
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Figure 21: Comparison between participants and age-matched Australian 
women for well-being sub-scale scores (week 0) 
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Responses to the SF-36® Health Survey showed a significant improvement in the sub scale score 
for ‘vitality’(reduction in fatigue) in participants following iron supplementation as compared to 
participants assigned to (C) or (PE) sets. In those consuming pork, sub scale score for ‘bodily pain’, 
which represents the frequency of bodily pains or discomfort, increased from baseline values and 
were significantly higher (i.e. more favorable) than scores for (C) and (IS). Despite a clear 
improvement in the remaining sub scores there were no significant changes (Table 9); and no 
significant relationships were observed between these sub scale scores and any of the biomarkers of 
nutritional status over the course of the intervention.  
    
WELL-BEING 
COMPONENTS 
CONTROL 
(n=21) 
PORK-ENRICHED 
DIET 
(n=20) 
IRON SUPPLEMENT 
(n=22) 
BODILY PAIN     
 baseline 87±11.9 79±19.3 85±12.4 
 after intervention 82±13.4 85±16.4a 76±19.7 
ROLE - EMOTIONAL    
 baseline 81±30.9 82±29.6 82±32.1 
 after intervention 75±36.4 86±23.4 83±25.3 
GENERAL HEALTH    
 baseline 48±9.2 49±9.8 46±7.6 
 after intervention 49±7.0 49±9.5 48±6.7 
MENTAL HEALTH    
 baseline 63±7.7 62±8.8 66±5.6 
 after intervention 62±9.4 62±12.2 62±7.2 
PHYSICAL FUNCTIONING    
 baseline 93±19.3 90±17.3 93±15.1 
 after intervention 93±17.3 94±16.0 95±13.1 
ROLE - PHYSICAL    
 baseline 96±9.0 86±28.6 83±29.3 
 after intervention 90±20.1 91±20.3 85±23.0 
SOCIAL FUNCTIONING    
 baseline 49±4.8 44±11.1 50±8.6 
 after intervention 51±7.4 50±14.1 49±3.7 
VITALITY    
 baseline 50±8.4 49±8.9 52±14.4 
 after intervention 47±10.9 49±14.1 55±11.3b 
Superscripts a and b = significant difference (P< 0.05)   
Table 9: Sub- scores of SF-36® for each study set (week 0 and week 12) 
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Figure 22 presents the intervention impact on participants’ perceptions of well-being for each of 
the sub-scale components as percent change. The comparisons between the three study sets show 
there were either positive changes or “no change” for all scores for the (PE) set; a fall in all 
perceptions of well-being except “physical functioning” for the (C) set; and for the (IS) set, a 
notable increase in vitality and greater discomfort (bodily pain). The grouping of sub-scale scores 
provides the “mental component summary (MCS) score and the physical component summary 
score (PCS) (Figure 23). These are psychometrically-based summary measures that simplify the  
Figure 22: Percent change:  SF-36® sub-scales scores (week 0-12) 
 
 
 
 
Figure 23: Change in physical and mental component summary scores (week 0-12) 
analysis and interpretation of the SF-36®. In Figure 23 it is apparent there is overall a perceived 
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improvement in well-being by participants within the pork-enriched diet set.  
Physical activity outcomes 
IPAQ short form is an instrument designed primarily for population surveillance of physical 
activity among adults (15-69 years). IPAQ short form is used as an evaluation tool in intervention 
studies although not the intended purpose of IPAQ. For this reason outcomes are limited to the 
consistency of exercise throughout the study by participants. For all study sets there were no 
significant differences between reportings week 0 and week 12. The calculated MET hours / week 
are presented in Study 2. 
DISCUSSION 
The results of the present study show that the consumption, by young women, of pork-meat or a 
low-dose iron supplement over 12 weeks is able to maintain similar blood Hb concentrations with 
concentrations at week 12 maintained at a level higher than observed for the control group. 
Additionally individuals who consumed pork-enriched diets or took low-dose iron supplements, 
reported improvements in their perceptions of health, as indicated by favourable sub-scale scores 
for “bodily pain” and for “vitality”, respectively. 
Adequate iron status is maintained when a meat-containing diet is eaten as compared to a diet that 
is predominantly vegetarian-based [391], or one that contains oily fish [392] as the main source of 
animal protein. In adolescents, iron status is higher in those who consume meat as compared to 
those who consume fish or poultry [191] or predominantly cereal-based foods. The presence of 
animal protein is thought to produce an enhancing effect on the absorption of non-haem iron [400, 
404]. In the present study those assigned to (PE) set increased their intake of pork-meat mainly in 
exchange for poultry (breast meat) that has less ferritin per serve, and increased their mg iron/MJ 
despite their total intake of protein being relatively unchanged. 
The inclusion of pork-meat with a reported healthy nutrient profile [395]; sensory characteristics 
appealing to women [214]; and haem iron stability with cooking [98] elevated total iron intake 
above the RDI to 19.3mg/d preventing the 2.6% fall in Hb experienced by the control set. The (IS) 
set taking capsules containing 37.4mg elemental iron each morning similarly maintained Hb levels. 
The (IS) set had a non-significant increase in ferritin concentration [416]. These findings shared 
similarities with Lyle et al [177] and Patterson et al [179]. Lyle et al reporting the lowest iron intakes 
maintained baseline ferritin and Hb and Patterson et al, as the highest, increased both ferritin and 
Hb. This study reports [416] no significant increase in either however 42-62% students respectively 
did have modest increases.  
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These studies were each of 12 weeks duration and provided dietary iron intakes ≥ RDI; with 
Patterson et al [179] expressing iron intake in terms of bioavailable iron. In the current study, as the 
nature of impacts of dietary enhancers and inhibitors on the whole diet are unresolved [30, 72, 
121, 125] and require further investigation, their possible impacts on iron absorption have been 
set aside. It should be noted however that vitamin C intakes were at all times above the RDI even 
when processed foods were replaced by fresh as with the (PE) set; and, that the sensitivity of the 
study FFQ was insufficient to determine accurate phytate intakes of the women. Supplementation 
values did vary with this study favouring ferrous glutamate, 37.4 mg elemental iron and Lyle et al 
[177] and Patterson et al [179] using ferrous sulphate providing 50 and 105 mg elemental iron 
respectively. Hb and ferritin levels were maintained through a program of modest aerobic exercise 
similar to the current study. When exposing women to short term (12 week) aerobic exercise 
program while women taking supplements (50mg controlled release iron sulphate) initially 
overcompensated for ferritin losses initially then failed to maintain ferritin and Hb concentrations 
as the study continued [177]. Dietary data collections differed between these studies with Lyle et al 
using dietary records and the current study, FFQ. The similarity in findings suggest an iron replete 
woman could maintain her Hb (and possibly ferritin) levels consuming the RDI for iron containing 
high haem iron foods more successfully than taking low dose supplements. Students in the pork–
enriched diet study set had baseline activity levels comparable to the exercise program in the Lyle et 
al study. 
Heath et al [362] employed a trial design that is similar to the present study and for 16 weeks not 12; 
instructing women with mild iron deficiency to increase their intake of iron and its absorption 
enhancers, from a range of food sources, and to decrease the intake of iron absorption inhibitors 
(e.g. phytate). No significant effect on biomarkers of iron status was observed, although serum 
ferritin concentrations tended to be higher. Unlike the previous studies, in the present study the 
dietary advice focused specifically on increasing the consumption of pork-meat, with no other 
dietary instructions regarding the intake of enhancers or inhibitors of iron absorption. Over the 
course of the 12-week intervention, the Hb concentrations were similar in those who consumed 
either pork-meat or an iron supplement. Plasma ferritin concentrations increased only in those 
supplemented with iron, at a dosage of 37.4 mg elemental iron (as ferrous gluconate); an amount 
that is lower than used in the other studies. 
The potential mechanisms by which the consumption of pork-meat maintains the concentration of 
Hb to the same extent as seen in (IS) set are not known. The contribution of iron from pork-meat 
was low, 0.8 mg/day, and equivalent to 5% of the total intake of iron. Thus the similarity in blood 
Hb concentrations between (IS) and (PE) sets cannot be explained by the intake of iron alone. 
However, it is possible that the combination of micronutrients that is provided by pork-meat, such 
as, zinc, selenium, vitamins B6 and B12 [405], a high dietary folate status at baseline, in addition to 
iron, could enhance the synthesis of Hb to the same extent as seen in (IS) set. Although not 
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reported as a significant increase, in this present study, the concentrations of vitamins B6 and B12 
were increased by approximately 15% from baseline values in the (PE) study set. It has been 
reported by others that pork-meat provides bioavailable quantities of selenium [417]. 
In this study the taking of low-dose iron supplements with 300ml of water prior to the breakfast 
meal appears to minimise gastrointestinal side effects among participants. The ingestion of iron 
supplements, as a single nutrient or combined with folic acid, is reported to interfere with zinc 
absorption. By measuring the post-prandial plasma zinc concentration following a bolus dose of 
zinc, also known as the zinc tolerance test, Solomons and Jacob [418] and Meadows et al [419] 
showed that iron retards the appearance of zinc in plasma when iron and zinc are co-ingested. No 
effect of iron is observed when iron is presented in the form of haem iron [418]. Radioisotope 
studies suggested that the antagonism between the cations occurs when the supplements are co-
ingested in a water solution but not when consumed as part of a meal [111]. 
Fasting plasma zinc concentrations decreased significantly in those supplemented with iron, despite 
the low dose of iron, and the relatively small increase in the total dietary Fe:Zn ratio following 
supplementation (1.0 and 3.3 for the Fe:Zn ratio at baseline and following supplementation, 
respectively). This observation is consistent with the hypothesis put forward by Solomons [420], 
which states that a ratio of Fe:Zn greater than 2, when the total amount of ionic species is greater 
than 25 mg, appears to have a measurable effect on the nutritional status of zinc. 
In cross sectional surveys in men [421] and in elderly women [422], it has been shown that plasma 
zinc is positively related to Hb. In pregnant women, plasma zinc is reported to be the strongest 
predictor of Hb concentrations [423]. In the present study, the observed significant decrease in 
plasma zinc concentrations in the iron supplemented group may have contributed to a smaller than 
expected increase in the concentration of Hb. 
Iron supplementation was associated with increases in the participants’ scores for vitality. In 
response to the SF-36®, participants in the present study rated their perception of energy and 
vitality based on being “tired and worn out” (lowest possible score) to “full of pep and energy all 
the time” (highest possible score). The improvement in the vitality score following iron 
supplementation is consistent with previous observations that show fatigue to be alleviated by a 
higher iron status [274, 323]. Iron deficient men [424] and women [425] are reported to have 
reduced work capacity, and supplementation with iron has been shown to decrease heart rate and 
energy expenditure that is associated with work [425]. The observation in the present study that the 
consumption of pork improves the score for bodily pain is novel, and to our knowledge has not 
been reported previously. The perception of bodily pain was based on “very severe and extremely 
limiting pain” (lowest score) to “no pain or limitations due to pain” (highest score). Bodily pain has 
been shown to be low (unfavorable score) in people with diabetes [426], and the score in obese 
individuals improves following weight loss [427]. Little is known about the impact on the score of 
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specific food items or diets. It is tempting to speculate that the contribution of the nutrients that 
are associated with pork-meat, e.g. vitamins B6 and B12, and rapport with a health professional may 
have had a positive influence on the women’s perception of health. At study closure 5 of the 8 sub-
scale scores demonstrated noteworthy ceiling effects that may have dampened any improvement 
with either (PE) or (IS) study sets. The component summary scores that grouped sub-scales for 
either mental or physical health (Figure 23) highlight an improvement in mental health as perceived 
by participants compared with other study sets. As this was a dietary intervention consideration of 
the lack of blinding for this study set. Despite this being a non-significant improvement further 
investigation should be considered with multiple dietary interventions.  
Pharmaceutical based and fortified food trials with various concentrations and forms of iron salts 
and chelates report varying improvements in iron status dependent on the duration of the study; 
style of supplement; concentration of the supplement; and the severity of any iron deficiency [358]. 
In this study apparent compliance with supplementation was similar for all study sets being 89% - 
93%. The inability of the young women however to consume capsules was a limiting factor in the 
recruitment and retention of volunteers in this trial, and their poor knowledge of food and cooking 
skills restricted the choices of meat cuts that could be used in the intervention. One of the 
limitations of the present study is the lack of screening of the volunteers for confounders of iron 
status, such as underlying inflammation [428] and helicobacter pylori infections [429]. 
Conclusion 
In summary, the consumption of pork-meat by young women maintains Hb levels to the same 
extent as low dose iron supplementation, and enhances the feeling of well-being, notably their 
perception of bodily pain. This suggests individuals who are at-risk of iron deficiency would benefit 
from dietary strategies that include the increase in haem iron and avoidance of inhibitors of iron 
absorption. Further studies increasing the iron intakes of women using both haem and non-haem 
sources focusing on the necessity of women to prepare and consume home-cooked meals is 
recommended as the skill and knowledge required to achieve this may be the key to elevating iron 
intakes and modify the individual’s eating behaviour such that the inclusion of quality dietary iron 
sources is routine rather than a prescriptive solution to IDNA. 
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C H A P T E R  3 :  
 
V I T A M I N S  B 6 ,  B 1 2  A N D  F O L A T E  
( S T U D Y  2 ) 4 
WITHIN AND BETWEEN SUBJECT VARIABILITY AND 
SIGNIFICANT RELATIONSHIPS 
INTRODUCTION 
The determination of an individual’s state of health or ill-health comes from comparing an 
individual’s biochemical makeup with the normal population-based reference intervals [41]. 
Discussions and research on the appropriateness of using these reference intervals as benchmarks 
for clinical decision making commenced more than 50 years ago for a range of minerals, 
cholesterol, nitrogen and glucose [430-433]. Similar vitamin research are more recent, limited and 
predominantly cross-sectional; longitudinal studies are few and only recent.  
The extent and variability of any deviations from these reference ranges for vitamins requires 
clarification of the combined influence of the intrinsic biological variation (within-subject variance) 
expressed as the coefficient of variation (CVI); and the variance of the means among subjects 
(between-subject variance) expressed as the coefficient of variation (CVG) on blood chemistry. 
Knowing and understanding the parameters of this variability translates to a more sensitive tool for 
clinicians and researchers being identified to detect important changes in an individual’s 
biochemical state [434]. 
Vitamins B6, B12 and folate play crucial inter-related roles in DNA synthesis throughout the human 
lifecycle especially during childhood, adolescence and the reproductive years for women. At these 
times individuals have elevated nutritional requirements and the risk of deficiency rises [31, 435, 
436].  
The research shows: 
1. a correlation between low folic acid intakes of women during pregnancy and newborn 
infants with neural tube defects (NTD); and reduced numbers of infants born with NTD 
following mandatory flour fortification of baked goods [437, 438];  
                                                     
4  McArthur, J.O., Tang, H., Petocz, P., Samman, S. Biological variability and oral contraceptive impact 
on vitamin B6, vitamin B12 and folate in women of reproductive age. Nutrients, 2013. 5(9): 3634-45. 
 94  
2. a higher incidence of neurological disorders when vitamin B12 deficiency persists [439]; and 
3. anaemia, depression and confusion present with vitamin B6 deficiency [436]. 
The concentrations of serum vitamins B6, B12 and folate reflect both an individual’s storage of 
these vitamins and their dietary intakes. For vitamin B12, intakes are limited by the predominant 
animal sources available to a population and the preferences of sub-populations. Kimura [440] 
reports Japanese college students consume fish as their main vitamin B12 source whereas land-
based animal meats are reported as the principal source in the US Framingham study [441]. The 
high availability of fish in Australia does not translate to fish being the principal source of vitamin 
B12. Farmed animal meats are the popular choice. The National Heart Foundation campaigns 
encourage the population to consume at least 1 serve of fish per week Vegetarianism is increasing 
in popularity in the western world with a study by Worsley [205] reporting the prevalence of 
vegetarian tendencies amongst female teenagers as high as 37%. Accordingly concern over meeting 
intake benchmarks is justified for vitamin B12. There is less concern regarding vitamin B6 which is 
sourced additionally from non-animal sources such as processed cereals, fruits and vegetables [442]. 
Folate fortification of baked goods is supplementing the intakes of high folate foods such as liver 
and a range of fruits and vegetables. Whether the predominant dietary sources of vitamins B6, B12 
and folate for young women are reflective of the foods analysed as having high concentrations of 
these vitamins is uncertain. McArthur and Samman [443], while investigating the consumption 
patterns of healthy female tertiary students living in Australia, reported a failure of this population 
to meet Australian dietary recommendations (Figure 24) for vitamins B6, B12 or folate.  
 
   
Nutrient RDI EAR 
Vitamin B6 1.3 mg 1.1 mg 
Vitamin B12 2.4 μg  2.0 μg 
Folate Equivalents 400 μg 320 μg 
RDI=Recommended dietary intake; EAR= Estimated average requirement [31] 
Figure 24: Intake benchmarks for vitamins B6, B12 and folate 
Early studies identifying the extent of the within- and between-subject biological variability in 
common clinical laboratory tests are being accompanied by more recent studies addressing mineral 
and vitamin variance that report age, gender, ethnicity, season and geography as possible factors 
influencing variability [411, 444-447]. Most studies confirm variability between subjects but as 
predominantly cross-sectional studies they have not investigated the variability within an 
individual’s plasma concentrations of these vitamins. In one study, Shibata [448] controlled the 
vitamin intake for days in young Japanese men and women, finding low within-subject biological 
variability for serum vitamin B6 in young women and for serum vitamins B6, B12 or folate in young 
men. However the young women had relatively high variability in their within-subject serum 
vitamin B12 and folate levels. Knowing the index of individuality (CVI/CVG), for these vitamins is 
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important for clinicians when determining changes in the health status of young women because 
the index defines the worth of population-based reference intervals as benchmarks of individual 
health.  
During the RCT biochemical, lifestyle and dietary data from young women under controlled 
conditions were collected. During this study particular care was taken to ensure the handling, 
processing and analyses of blood samples, at weeks 0, 4, 8 and 12, were constant to minimise the 
pre-analytical and analytical variability [43] that are often associated with community blood 
sampling. This study provides longitudinal data concerning the vitamin status of individuals in 
contrast to the predominantly cross-sectional data commonly reported. Furthermore in this RCT 
the protocol of participants completing two FFQ, each reporting nutritional intake over 12 weeks, 
has provided nutritional data for a total of 24 weeks. This approach enabled firstly, the comparison 
of intakes prior to and during the study and secondly, the identification of intakes concurrent with 
the blood collection period of 12 weeks. This is also true for the activity data from the RCT. 
Sample size has already been calculated – see page 63. Therefore the opportunity exists in this sub 
study to explore the within-subject biological variability in young women and to identify possible 
relationships with diet and lifestyle.  
STUDY AIMS 
Data from the RCT (Study 1) control set (C) were analysed  
1. to ascertain the within-subject and between-subject biological variability of the serum 
vitamins B6, B12, folate and erythrocyte folate in women of reproductive age;  
2. to calculate the dietary intakes of vitamins B6, vitamin B12 and folate including their 
predominant sources for this population; and  
3. to identify relationships existing between vitamins B6, vitamin B12 and folate and 
participant profile, activity level and blood chemistry that could contribute to variability. 
METHOD 
Participants 
Healthy active women (18 – 35 years) taking no medications, other than OCP, or vitamin and 
mineral supplements, were enrolled in a RCT that was investigating the impact of diet or 
supplements on the iron status of women of reproductive age (Study 1). Dietary intake was 
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intentionally altered for the PE study set and the taking of an iron supplement (IS) study set has 
been reported as modifying food selections. For these reasons participants from these intervention 
arms were excluded from this study. Women who were randomized to (C) study set) became Study 
2 participants. Sample size had already been calculated – see page 63. 
Data Collection  
Clinical 
Venous blood collections were obtained at study commencement (week 0) and then at four weekly 
intervals (weeks 4, 8 and 12). In order to minimise the potential pre-analytical variation in samples 
there was minimisation of the behavioural variables of the participants and the collection 
environment was strictly controlled, i.e. the women were fasted (10 to 12 hours), rested (12 hours), 
reported being alcohol-free for 24 hours prior to collection and then seated for 30 minutes before 
each collection. Using an ante-cubital vein with the participant in the supine position, each 
collection was commenced within 30 minutes of the initial collection time for that individual. The 
phlebotomy was undertaken by a limited number of veni-puncturists from a single collection centre 
between 0730 and 0930 using pre-set protocols for collection and sample handling. Samples were 
collected and immediately chilled and in the case of vitamin B6 were shielded from light and frozen 
(-80º C) for later batch analyses (detailed in Study 1). Analytical variation was assessed using quality 
control samples of the same order as the values for the analytes in subject samples. The population-
based reference intervals used for data comparison are presented in Figure 25. 
 
  
Analytes Reference Interval 
Serum vitamin B6 35-110 nmol/L 
Serum vitamin B12 150 - 750 pmol/L  
Serum folate 8 - 25 nmol/L 
Erythrocyte folate > 550 nmol/L 
  
Figure 25: Vitamin reference intervals - blood [41] 
Dietary - FFQ  
The dietary data were sourced from the completion of two validated FFQ [411] (detailed in 
Chapter 1) the first at study commencement, reporting on dietary intake for the previous 12 weeks 
(week 0) and the second, at study conclusion, reporting on intakes during the 12 week study (week 
12). In this sub study the nutrient intakes for vitamins B6, B12 and folate were examined further and 
the highest five contributing foods to vitamins B6, B12 and folate intakes were determined. To 
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Equation 1: Reference change value 
achieve this for each participant, the ten highest contributing foods for each of the three vitamins 
were identified from both FFQ and then the assigned rankings (1-10) for each of the contributing 
foods were summed for the entire control set and a relative score for each food calculated.  
Physical activity  
The participants self-reported their activity levels, using the validated IPAQ [449]. This tool has 
been designed to enable researchers, using standardised scoring protocol, to compare data. Physical 
activities assessed are walking, moderate-intensity activities and vigorous intensity events. The 
summation of the frequency (days) and duration (minutes) of these three levels of activity enables 
calculation of an individual’s MET hours/week. METS are multiples of the resting metabolic rates 
and METS minutes are calculated by multiplying the MET score of an activity by the minutes 
performed [450]. Appendix 4 has more detailed explanation. 
Statistical analysis 
Outliers were those determined as exceeding ± 3 SD and after exclusion, the data were analysed to 
determine biological variation. The variability in vitamin concentrations was influenced by the 
intrinsic biological variation (within-subject variance) expressed as the coefficient of variation 
(CVI); and the variance of the means among subjects (between-subject variance) expressed as the 
coefficient of variation (CVG). Biological variations were reported as CVI, CVG, index of 
individuality (CVI/CVG) and reference change value (RCV). The RCV is a measure of difference 
used to monitor serial data and is known as the critical difference [451]. 
RCV = 21/2 * Z * (CVA2 + CVI2)1/2 
where Z is the Z score; CVA is the analytical variation;  
and CVI is the within subject biological variation 
 
 
 
Coefficients of variation (CV) were calculated using Minitab Statistical software (release 13; 
www.minitab.com). All other statistical calculations were carried out using SPSS (version 19; 
www.ibm.com/software/analytics/spss). A general linear model was applied for the analysis of the 
data. The model employed an ANOVA procedure in which the calculations are performed using a 
least squares regression approach to describe the statistical relationship between the predictors and 
a continuous response variable. Predictors were factors and co-variables such as OCP etc’. 
Repeated-measures analyses were carried out for the longitudinal vitamin data, including possible 
explanatory variables as factors (eg OCP use) or covariates (eg BMI). Regression analysis was used 
to identify possible relationships between serum vitamin B6, vitamin B12 and folate and erythrocyte 
folate concentrations with the equivalent dietary vitamin intake, alcohol intake, BMI, age, MET, 
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OCP use and Hb concentrations. A probability value of P < 0.05 was set for statistical significance. 
OUTCOMES 
Participant characteristics 
Complete data sets were available for 22 participants (C Study Set) who were female, 25.2±4.2 
(mean±SD) years and 21.9±2.2 kg/m2 (BMI) consuming 13.2±5.3 MJ/d. The individual and mean 
participant baseline parameters are presented in Table 10. Participant alcohol consumption ranged 
from 0 – 75.7 g/d with a median intake of 5.5 and 3.0 g/d at weeks 0 and 12, respectively. Physical 
activity ranged from 4.0 – 240 MET h/w with a median activity of 33.6 and 33.3 MET h/w at 
weeks 0 and 12, respectively. OCP use was noted being the only medication permitted during the 
study. OCP users were taking combined oral contraceptive agents (COCP) i.e. preparations of 
synthetic oestrogen and progesterone and not the mini pill that contains progesterone only. 
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   WEEK 0 WEEK 12 
    Daily vitamin intake/MJ Daily vitamin intake/MJ 
ID 
n=22 
Age 
y 
BMI 
kg/m2 
Energy 
MJ/d 
Vit B6
mg 
Vit B12
μg 
Fol Eq
μg 
Energy
MJ/d 
Vit B6 
mg 
Vit B12 
μg 
Fol Eq
μg 
i 18.5 24.3 22.6 0.19 0.31 31.38 16.3 0.14 0.22 37.14
ii 24.8 23.0 19.4 0.19 0.31 69.90 17.3 0.18 0.21 79.43
iii 26.3 19.5 15.8 0.10 0.14b 34.57 11.7 0.10a 0.14 38.47
ivc 25.9 25.4 9.5 0.24 0.39 168.56 8.0 0.25 0.54 95.35
vc 27.1 24.7 9.3 0.18 0.27 27.68 8.9 0.17 0.14 85.73
vic 32.0 20.6 10.7 0.15 0.53 37.59 6.8 0.15a 0.32 56.56
viic 20.0 23.3 10.7 0.17 0.22b 26.75 12.5 0.17 0.21 25.63
viii 23.1 19.0 12.2 0.19 0.48 223.19 7.7 0.21 0.60 287.99
ix 30.2 22.0 7.5 0.24 0.55 36.14 3.2 0.37b 0.49 28.78
xc 20.0 25.5 8.6 0.18 0.31 37.77 8.1 0.19 0.43 37.89
xic 21.8 21.7 22.5 0.16 0.25 61.63 24.4 0.16 0.21 58.86
xiic 22.0 22.0 13.7 0.17 0.38 32.74 9.4 0.17 0.37 27.47
xiii 22.2 21.2 9.0 0.23 0.45 94.10 7.3 0.20 0.42 100.13
xiv 24.8 19.7 14.5 0.15 0.27 28.55 13.4 0.15 0.13 28.26
xv 26.8 22.8 11.3 0.10b 0.19b 38.62 14.5 0.10 0.26 36.19
xvic 33.7 21.0 8.7 0.18 0.23a 43.87 7.0 0.19 0.19 90.79
xvii 25.3 24.5 12.9 0.20 0.31 53.24 11.0 0.18 0.26 38.07
xviiic 34.1 22.6 10.7 0.17 0.21b 30.56 9.1 0.15 0.15 39.75
xix 24.1 18.7 5.9 0.61 0.44 55.73 6.2 0.25 0.61 30.84
xx 23.5 20.1 16.0 0.17 0.20 49.83 26.2 0.09 0.24 35.25
xxi 24.3 18.7 25.5 0.20 0.44 21.00 9.6 0.43 0.16 67.98
xxii 24.0 20.3 13.7 0.21 0.39 28.67 10.9 0.21 0.60 15.33
Mean 25.2 21.9 13.2 0.20 0.33 56.00 11.3 0.19 0.31 61.00
SD  4.2  2.2 5.3 0.10 0.12 49.04 5.6 0.08 0.17 56.69
Median
nnn
24.6 21.9 11.7 0.18 0.31 37.68 9.5 0.18 0.25 38.27
Min 
l
18.5 18.7 5.9 0.10 0.14 21.00 3.2 0.09 0.13 15.33
Max 
l
34.1 25.5 25.5 0.61 0.55 223.19 26.2 0.43 0.61 287.99
a = intake <EAR; b = intake <RDI; c = OCP user 
Table 10: Age, BMI , energy and vitamin intakes at week 0 and week 12 
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Clinical outcomes 
The mean vitamin concentrations were 99.1±23.9 nmol/L for serum vitamin B6; 252.4±153.8 
pmol/L for serum vitamin B12; 19.5±6.3 nmol/L for serum folate; and 862.5±358.7 nmol/L for 
erythrocyte folate. Mean and median values were within the population – based reference intervals 
(Figure 25). 
Figures 26-29 report the mean and median concentrations of the four analytes – serum vitamins B6 
(Figure 26), B12 (Figure 27), erythrocyte folate (Figure 28) and serm folate (Figure 29). The 
population-based reference intervals are shaded green. 
 
mean (♦) and outliers (ο) 
 
In Figure 26 it can be seen that at least 12% of participants had vitamin B6 concentrations higher 
than the population – based reference intervals and for week 0 as many as 35% were above the 
interval. Not unexpected with these percentages, the week 0 mean was significantly higher than 
week 12 (P = 0.005). This was the only occasion there was a significant difference between mean 
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Figure 26: Serum vitamin B6 concentrations (n=22) at four time-points  
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values for any of the analytes. Vitamin B6 also differed from the other vitamins having, at all time-
points, the median highly placed within the reference interval. The histograms at weeks 0 and 8 are 
both multi-modals however at week 0 also positively skewed differing from the remaining three 
time-points. 
For vitamin B12 (Figure27) the median values were in the lower 8 – 22% of the population 
reference interval, elevating in week 4, and because of the low placement of values within the 
reference interval, most of the lower quartile values were outside the range. The interquartile range 
mean (♦) and outliers (ο, ∆) 
 is larger and more consistent than for vitamin B6 that demonstrated a spread at week 0 more than 
double that in weeks 4, 8 and 12. All frequency distributions for vitamin B12 were positively skewed 
and had two of the collections multi-modal (weeks 8 and 12). 
Figures 28 and 29 present the data from folate –erythrocyte and serum - demonstrating similar 
characteristics (n=22). Erythrocyte folate (Figure 28) had the largest interquartile range at week 0. 
Of the four analytes serum folate (Figure 29) demonstrated the greatest symmetry despite being 
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Figure 27: Serum vitamin B12 at four time-points (n=22)  
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multi-modal for two time-points. The values extended the entire reference interval with the upper 
quartile being higher than the interval.  
The variability data in Table 11 report that for all analytes the between-subject biological variations 
♦= mean    ο = outliers 
 
♦ = mean 
The variability data in Table 13 report that for all analytes the between-subject biological variations 
were greater than the within-subject variations. The variations between biological set points i.e. the 
indices of individuality were low except for vitamin B6 (0.81). The RCV at 49.8 – 72.8% are high; 
being influenced by the large within-subject variations of these vitamins. 
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Figure 29: Serum folate at four time-points  
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(n = 22) CVG % CVI % CVI/CVG RCV (95%) 
serum     
Vitamin B6  (nmol/L) 31.7 25.7 0.81 72.8 
Vitamin B12 (pmol/L)  62.2 16.1 0.26 49.8 
Folate (nmol/L) 36.8 20.4 0.55 60.7 
erythrocyte     
Folate (nmol/L) 39.1 16.1 0.41 49.8 
  
Table 11: CVI, CVG and RCV for the serum vitamins - B6, B12 and folate; and erythrocyte 
folate 
A notable number of participant values were outside the population-based reference intervals 
(Figure 30). For vitamin B6, 50% of the participants had one or more excursions however for 
erythrocyte folate all values were within the reference interval. 
 
 
The natures of these variations were mapped in Figure 31. The individual variances were expressed 
as % change from the minimum value for each participant. Maximum variances for each of the 
analytes were 174% (vitamin B6; participant viii), 114% (vitamin B12; participant xvi), 153% (serum 
folate; participant x); and 147% (erythrocyte folate; participant i). 
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Figure 30: Excursion frequency outside the population-based reference intervals (Figure 25) 
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Mean corpuscular volume (MCV) and Hb levels were collected at each time period. There were no 
significant differences between OCP users or non-OCP users for MCV (89.1±2.7 fL and 90.4±3.5 
fL) or Hb (127±6 and 132±9 mmHg). 
Regression analysis showed that vitamin B12 concentrations over 4 time-points was determined by 
BMI (P = 0.031) and when tested by repeated-measures ANOVA, serum vitamin B12 values 
showed a significant difference between OCP users and non-OCP users (P = 0.042) (Figure 32). 
There was concurrently, no significant difference found in vitamin B12 intakes between OCP 
(2.79±1.40 μg) and non-OCP (3.43±1.66 μg) users during the study (source: FFQ week 12). Serum 
vitamin B6, showed a linear decline over time (P=0.017) irrespective of OCP use. Serum vitamin 
B6, folate and erythrocyte folate concentrations did not show any relationships with their respective 
dietary intake, BMI, age, alcohol intake, MET or Hb concentrations (data not shown). 
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OCP users ♦ (n=9) and non-OCP users ■ (n=13).  * P =0.042 
Missing data for one OCP user at 4 weeks 
Figure 32: Serum vitamin B6 (a), vitamin B12 (b) and folate (c), and erythrocyte  
folate (d) concentrations (mean±SEM) at four time-points 
Dietary outcomes 
Participant individual and mean baseline dietary intakes of energy and vitamins (expressed as intake 
per MJ) were reported in Table 10. The intake of vitamin B6 was significantly higher at week 0 
compared to week 12 (+0.52 mg±0.61 mg/d, P= 0.001). There were no significant differences 
between week 0 and week 12 mean intakes for energy, vitamin B12 or folate. Despite the mean and 
median intakes for all vitamins being above the RDI (Figure 24), participants reported during the 
study, intakes less than the RDI for vitamin B6 (13.6%), vitamin B12 (36.3%) and folate (36.3%); 
and less than the EAR for vitamin B6 (0.05%), vitamin B12 (31.8%) and folate (22.7%). The 
absolute intakes reported prior to and during the study are presented in Figure 33. 
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Paired t-tests showed no significant differences between week 0 and week 12 for either energy or 
vitamin intakes. However the absolute intake of vitamin B6 was significantly higher at week 0 
compared to week 12 (+0.52±0.61 mg/d, P = 0.001) (Figure 33). The mean intakes for all vitamins 
were above the recommended dietary intakes (RDI) however intakes less than the RDI were 
reported for vitamin B6 (13.6%), vitamin B12 (36.3%) and folate (36.3%); and less than the 
estimated average requirements (EAR) for vitamin B12 (31.8%) and folate (22.7%).  
 
♦ = mean; ο, ∆ = outliers] 
 
Determining the foods consumed over a 24 week period that contributed the 5 highest percentage 
of vitamin B6, vitamin B12 and folate in the diets of these young women are ranked in Table 12. 
Beyond the top 5 sources, multiple foods were clustered. The inclusions of energy drinks as a 
major provider of vitamin B12 and reduced fat milk for vitamin B6 and folate were unexpected 
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Ranking a Vitamin B6 Vitamin B12 Folate 
 food  %b food %b food  %b
1 Beef and veal 29 Beef and veal 19 Reduced fat milk 16 
2 Asian greens 11 Lamb 17 Tomato (raw) 14 
3 Carrot 11 Egg 13 Mixed green salad 13 
4 Reduced fat milk   9 Fish 13 Strawberries 13 
5 Banana   9 Energy drinks 12 Vegetarian lasagna 13 
       
a where rank 1 is the highest contributor to total intake 
b percentage contribution to daily vitamin intake 
 
Table 12: Highest dietary sources of vitamin B6, vitamin B12 and  
folate in participant diets 
DISCUSSION  
Analyses were undertaken to gain a better understanding of both the within- and between- subject 
biological variations with the water soluble vitamins, specifically vitamins B6, B12 and folate as 
longitudinal data were wanting. Individual biological variation, regardless of the uniformity of study 
populations and care with circadian rhythm impacts, still challenges researchers working with 
vitamins. The 22 female participants in this current study were similar in age, lifestyles and enjoyed 
good health; were physically active but not athletes; and provided blood samples on four separate 
occasions for this study using standardised collection and processing protocols at a single 
accredited laboratory. All assays from clinical laboratories vary according to the prevailing pre-
analytical and analytical variations however consistent management protocols of serial collections 
are essential for accurate clinical decision making and research conclusions. The restriction to one 
laboratory for this study with recognised protocols including strategies for minimising the random 
bias from re-calibrations and reagent lot change increases confidence in the within-subject 
variations observed. This current study’s strengths over earlier studies [411, 448, 452] are firstly 
collecting longitudinal data from a homogeneous set of healthy women participating in lifestyle 
activities away from a laboratory regime; and secondly, using standardised protocols that minimised 
both pre-analytical and analytical variability. Published vitamin studies are predominantly cross-
sectional and use a variety of experimental designs making comparisons problematic. The 
outcomes of known research teams both support and challenge the current findings: McKinley 
[453] although reporting comparable findings with this present study for vitamin B12 (CVI and 
CVG), records the within subject variation for folate to be slightly higher at 24% (this study 20.4%); 
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Shibata [448] reports higher within-subject variability for folate and lower for both vitamins B6 and 
B12 and Talwar [452], studying vitamin B6 variation for 22 weeks, reports similar between-subject 
biological variation  i.e. 31.7% (current study 34%) and lower within-subject variation and 
consequently lower index of individuality and RCV. Each of these studies support the current 
findings and each other’s in part, however overall the within-subject variability data from this study 
are consistently higher for vitamins B6 and B12 than the earlier studies and modestly lower for 
serum folate.  
Longitudinal data enable us to evaluate the extent of the individual variances and consider the 
impact on clinical decision making and research conclusions (Figures 30 and 31). These data 
confirm multiple excursions from the reference intervals for all analytes except erythrocyte folate. 
For this analyte all samples collected at weeks 0, 4, 8 and 12 were within the population-based 
reference interval. However for 50% (vitamin B6), 32% (vitamin B12) and 41% (serum folate) of 
participants the single phlebotomy results were outside the reference intervals for 25-75% of blood 
collections. This would suggest there should be at least four samples before making clinical 
decisions or reporting outcomes in research for serum vitamins B6, B12 and folate in women in 
their reproductive years. This is consistent with findings from earlier cholesterol research [430]. 
Harris [454] argued for cumulative reporting systems for test results for individuals by laboratories 
to accommodate within-subject variations. Figure 31 maps the extent of the variances for 
participants (i – xxii). Most participants demonstrated modest variance between collections (up to 
50% increase from their lowest concentration recorded during the study). Between 4.5% (vitamin 
B12, serum and erythrocyte folate) and 13.6% (vitamin B6) of participants more than doubled their 
vitamin concentrations at one time point during the study - with no participant showing this degree 
of variance more than once or for more than one of the analytes. The rise and fall of each of the 
vitamin concentrations for individuals were not synchronous and the undulations ranged from 
shallow to extreme. Additionally the indices of individuality (CVI/CVG) reported for serum vitamin 
B12 and folate (serum and erythrocyte) were less than 0.6 confirming the reference intervals to be 
insensitive measures when applied to individual variations [452]. 
The mean concentrations of the analytes were not significantly different between time points 
except for vitamin B6 where at week 0 the concentration was significantly higher than at week 12  
(P = 0.005, Figure 26). This study commenced in the first weeks of the university semester and the 
reworking of eating behaviours and physical activities to meet the routines of university life may 
explain the elevated serum vitamin B6 at week 0. During semester there was a significant reduction 
in dietary vitamin B6 (P = 0.001) only despite vitamin B12 having some dietary sources in common. 
Analyses showed reduced vegetable intakes largely contributing to the greater reduction in vitamin 
B6 over vitamins B12 and folate; and possibly contributing to the increased CVI. A change in activity 
level was considered possibly sufficient to alter vitamin B6 absorption, turnover, metabolism or loss 
however statistical analyses did not identify noteworthy changes in MET hours. Our measurements 
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of activity may have been lacking sufficient sensitivity.  
Oral contraceptives have several mechanisms of action. The participants taking OCP in this study 
were using COCP that contain both synthetic oestrogen and progesterone which inhibit ovulation, 
cause cervical mucus thickening, and prevent implantation. These pills do have metabolic effects 
unrelated to their contraceptive functions, such as effects on carbohydrate and lipid metabolism 
[455]. Early cross-sectional studies [456, 457] reported OCP use to have lowering effects on 
vitamins B6, B12 or folate levels with this trend continuing after the subsequent lowering of 
hormone concentrations in OCP [458]. Green [459] could not support earlier findings for folate 
and reported no lowering in adolescents however vitamin B12 levels of OCP users were 33% lower 
than non-users. Once again the strength in the current study is the serial data collection from an 
almost homogeneous participant pool. Approximately equal numbers of OCP users and non-users 
provided blood samples at four weekly intervals. On analysis a relationship was identified between 
OCP use and serum vitamin B12 such that there was a significant lowering of vitamin B12 at all four 
time points for OCP users (P = 0.042, Figure 32). Wilson [460] proposes the lower vitamin B12 is a 
false indicator of deficiency citing Reidel [461] who assessed methylmalonic acid (MMA), holo-
transcobalamin (holoTC) and homocysteine (Hcy) behaviours. His results suggested a 
redistribution of vitamin B12 in OCP users rather than a depletion of intracellular vitamin B12. 
Research by Shojania and Wylie support lower total transcobalamin I and higher transcobalamin III 
levels in OCP users [462]. Overall the impact of OCP use on vitamin B12 or put cobalamin binding 
potential is still uncertain [460, 463]. Data were not collected in the current study to enter this 
debate yet observations can be made. Firstly, using the population-based reference interval for 
vitamin B12 (150 – 750 pmol/L) 50% of the OCP users had values below the interval and were 
asymptomatic of deficiency; and secondly, dietary data collected shows the lower quartile vitamin 
B12 intakes were not linked to OCP use. Half of the OCP users were consuming intakes in the 
upper quartile. Serum vitamin B12 data prior to commencing OCP use were not available 
preventing further analysis to ascertain whether lower serum vitamin B12 is a consequence of OCP 
use. 
Georgiou [222] has reported college students, the same ages as participants in this study, to have 
higher quality diets compared with their non-student working peers and graduates. It is concerning 
that 50% of the current study participants consume less than the RDI for as many as two of the 
three vitamins (Table 10 and Figure 33) and that this is reflective of the wider female student 
population as no reason is evident to believe otherwise. These findings reinforce examining the 
sources of vitamins B6, B12 and folate in the diet of young women. Table 12 presents the major 
contributing foods to these vitamin intakes. It is apparent participants are consuming foods with 
modest vitamin contents, in quantities that raise the importance of the food as a key vitamin 
provider. Although the intakes of these foods satisfy appetites, they are insufficiently vitamin dense 
for young women to attain key benchmarks i.e. EAR and RDI for vitamins B6, B12 and folate. 
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There are listings of foods that provide high concentrations of these vitamins in almost all nutrition 
texts however analyses of the dietary data from this study find there is little overlap between these 
listings and the foods consumed by this this nutritionally vulnerable group. Breads and cereals were 
modestly consumed and although mandatory folate supplementation of flours in Australia 
commenced after data collection, our data raises uncertainty whether the supplementation will 
sufficiently increase folate intakes of this population. The substantial intake of reduced-fat gourmet 
coffee drinks elevates milk to the highest source of folate for the participants and the consumption 
of caffeinated energy drinks equaled fish and egg as important sources of vitamin B12. Public health 
nutritionists are continuing to advise the reduced consumption of energy drinks but further 
investigation on alternative vitamin B12 sources acceptable to this population needs consideration 
before the low vitamin intakes are further reduced. Red meat intakes although providing the 
highest source of vitamin B12 in participant diets (Table 12, 36%) are still insufficient for certainty 
of reaching the nutritional benchmarks. 
Conclusions 
This study provides much needed longitudinal data regarding the within-subject vitamin variability 
for one of the nutritionally vulnerable sub-populations – women of child bearing years. The focus 
was tertiary students as earlier studies had reported their diet quality to be better than their working 
peers and there was a natural consistency to their lifestyle during data collection. Blood results from 
the current study reinforce early landmark findings [430] i.e. clinical decision making requires serial 
collections with adherence to standardised protocols, and for serum vitamin B6, vitamin B12 and 
folate, at least 4 collections, weeks apart, for a meaningful estimation of vitamin status to be 
reached. Relationships were not identified between the serum and erythrocyte vitamin 
concentrations and their dietary intakes; BMI, activity levels and alcohol intakes. However OCP 
users presented with consistently lower serum vitamin B12 concentrations independent of their 
dietary intake. The change in absorption, turnover or storage of vitamin B12 when taking oral 
contraceptive pills needs clarity to establish the true nutritional status of OCP users.  
The almost daily consumption of energy and gourmet coffee drinks impact the major sources of 
vitamins B12 and folate respectively and necessitate a closer investigation of eating behaviours of 
young women which will give direction to nutrition planners., counsellors and researchers. 
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D I E T A R Y  G U I D E L I N E S  
( S T U D Y  3 ) 5 
AND AUSTRALIAN WOMEN 
OF REPRODUCTIVE AGE 
INTRODUCTION 
In Australia the poor iron status of young women persists despite ready access to foods [464]. This 
raises questions for nutrition experts who evaluate and disseminate knowledge about foods, their 
preparation, manner of consumption and benefits in order to help individuals establish healthy 
eating practices. This strategy is intended to provide the building blocks for optimal nutritional 
health. To explore this enigma, relationships were established with healthy young women during 
the RCT and maintained throughout the trial; assessing their daily food intakes in order to study 
their food and nutrient management. With the repeat exposure of individual participants to the 
researcher, varying positive or negative relationships can result. Care was needed by the researcher 
to show similar interest in their interaction with each participant. Concurrently, the participants 
were encouraged to have ownership of the study and the outcomes. Analysis of the trial’s FFQ 
revealed vitamin B6, vitamin B12 and folate intakes to be low with some participants having intakes 
below the EAR for all three vitamins. A closer examination of these women’s customary diets and 
relationship to the DGA is undertaken in this sub study. 
Like most developed nations there are DGA (Figure 34)[150], however unlike other nations there is 
a paucity of information on food intakes, meal composition and food selection for the Australian 
sub-populations, notably young women who are one of the nutritionally vulnerable groups. The 
last national nutrition survey was completed in 1995 [465] and was largely limited to information 
concerning nutrient intakes following a 24 hour recall. In recent years studies have predominantly 
been cross-sectional in nature relying on 24 hour recalls and surveys to determine the population 
knowledge base and understanding of national dietary guidelines [356, 466-469] These are but 
snapshots and insufficient to determine the adherence to the guidelines. Another national nutrition 
survey (2011-12) is currently being analysed and initial findings are expected shortly. 
                                                     
5  McArthur, J.O., Gough, N.M., Petocz, P., Samman, S. Inclusion of pork-meat in the diets of young 
women reduces their intakes of energy-dense, nutrient-poor foods: results from a randomized 
controlled trial. Nutrients, 2014. 6(6): 2320-32 
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ABBREVIATED DIETARY GUIDELINES 
Enjoy a wide variety of nutritious foods 
o Eat plenty of vegetables, legumes and fruits 
o Eat plenty of cereals (including breads, rice, pasta and noodles), preferably 
wholegrain 
o Include lean meat, fish, poultry and/or alternatives 
o Include milks, yoghurts, cheeses and/or alternatives. Reduced-fat varieties should 
be chosen, where possible 
o Drink plenty of water 
and take care to 
o Limit saturated fat and moderate total fat intake 
o Choose foods low in salt 
o Limit your alcohol intake if you choose to drink 
o Consume only moderate amounts of sugars and foods containing added sugars 
Prevent weight gain: be physically active and eat according to your energy needs 
Care for your food: prepare and store it safely
Encourage and support breastfeeding
Figure 34: 2003 Dietary Guidelines for all Australians [150] 
 
National guidelines direct health professionals, the food industry and policy makers; however the 
development of both practical and interpretive resources and programs aid individuals when 
attempting to incorporate these dietary principles into everyday life. The DGA were first developed 
in 1979 and with each revision of the guidelines there has been accompanying resources known as 
the Australian Guide to Healthy Eating (AGHE) [208] to assist the population apply the principles. 
The development and subsequent revisions of these resources is a multi-step process. In Australia 
the public is presented with two models that divide foods into five (core) groups, according to their 
nutrient profile, and a sixth group of foods containing foods considered energy dense and nutrient 
compromised (Appendix 3, Figure 57). For each grouping the number of serves to be consumed 
each day has been calculated for all models and tailored for every subpopulation. Model A is 
presented in Figure 35 as it is consistent with community health programs.  
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Food Groups Serves/d Sample Serve 
Breads, cereals, rice, pasta, noodles 
(GRAIN) 4-9 
2 slices bread or 
1 cup cooked pasta, rice, noodles 
Vegetables, legumes  
(VEGETABLE) 5 
0.5 cup cooked vegetables or 
0.5 cup cooked beans, peas or lentils 
Fruit 
(FRUIT) 2 
1 medium piece e.g. orange, banana, apple, 
pear or 0.5 cup juice 
Milk, yoghurt, cheese  
(DAIRY) 2 
2 slices cheese or 
1 small carton yoghurt 
Meat, fish, poultry, eggs, nuts, legumes 
(MEATS AND ALTERNATIVES) 1 
2 small eggs or 
80-120g fish fillet 
Extra foods 
(EXTRAS) 0-2.5 
1 can soft drink or 
1 doughnut 
Figure 35: AGHE recommended daily serves of foods for women 18 – 50 years [208] 
 
The AGHE recommendations are evidence-based prescriptions [208] endorsing intakes between 
the EAR and RDI of nutrients essential for health. Worldwide, dietary guidelines (and associated 
education campaigns) studies have reported limited success with improving the balanced intakes of 
nutritious foods in populations. Pollard reports positive changes in knowledge and some 
behaviours following the Western Australia “Go for 2 & 5” campaign however it was noted this 
did not necessarily translate to increased fruit and vegetable servings as individual perceptions held 
that either current intakes were adequate or individuals considered themselves too time poor for 
vegetable preparation [470]. Despite the successful implementation of nutrition campaigns and the 
increased intakes of fruit and vegetables in the early nineties, Casagrande also reported that by 2002 
intakes in America had fallen to levels consumed in 1995 [471]. Ammerman reported significant 
increases in the intakes of fruit and vegetables in their review - USA, Europe and Australia - that 
were sustained however they were still lower than the national dietary recommendations [192] and 
Ball studied middle-aged Australian women finding they did not meet the guidelines [355] despite 
the assumption that they have reared children and as such would have been focused on the 
nutritional needs of the family; introducing them to the AGHE. 
Although most of these campaigns and reports have been directed at fruit and vegetable intakes, 
there have been studies determining the campaign impact on the other food groupings. The 
AGHE to safeguard sufficient iron intake by the Australian population recommends the 
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consumption of 3 – 4 red meat serves per week. In the 2006 Australian cross-sectional study by 
Fayet [275], women of reproductive age were determined to have poor iron status despite having 
readily available iron-rich foods in the marketplace and a homeland not known for parasitic 
infections that negatively impact iron stores. Studies have focused on the other vulnerable groups 
[472-478] and not young women which has limited the knowledge-base of public health educators.  
When the links between unbalanced dietary intakes and chronic illness emerged [479, 480] 
developed countries reduced the emphasis on the prevention of nutrient deficiencies for 
populations and refocused on an individual’s balanced intake of foods and to assist dietary change 
developed education resources for all sectors of the population. FFQ analyses by researchers still 
continued and highlight and monitor the nutrients at risk for each sector including women of 
reproductive age [471, 481, 482]. However the adherence of young women to the food based 
dietary recommendations has been poorly studied and the effectiveness of the educational tools 
(AGHE) for this nutritionally vulnerable group has predominantly been limited to surveys, with 
and without 24 hour recalls or short 3-day diaries [356, 468, 483, 484], that report an understanding 
of the guidelines. 
Therefore the opportunity exists in this sub study to ascertain the customary food intakes of young 
women; gauge the quality of their diets against the dietary guidelines; and evaluate their ability to 
interpret these dietary guidelines. The dietary instructions for participants randomized to the (C) 
and (IS) study sets were for the participants to continue with their customary dietary intakes during 
the study. Accordingly we hypothesized the (C) and (IS) study sets would continue their established 
intake pattern during the study and with the inclusion of 500g pork-meat per week in the diets of 
the (PE) set, new intake patterns would need to be established by this study set and then 
maintained. 
 
STUDY AIMS 
Data collected as part of the RCT (Study 1) were analysed 
1. to ascertain the food group intakes of healthy female university students, 18 – 35 years;  
2. to evaluate changes in food group intakes in response to participation in a dietary and 
supplement intervention trial; and 
3. to evaluate participant skills at interpreting their food intakes using the AGHE.  
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METHOD 
Participant source 
Sixty-five women, 18 – 35 years, kept food intake records as part of an RCT (details Study 1). 
There were three study sets – control (C), dietary intervention i.e. pork enriched diet (PE) and iron 
supplementation (IS). Their food group intakes during the 12 weeks of the trial were examined in 
this embedded study. Sample size has already been calculated – see page 63. 
Interventions 
All participants swallowed a capsule on rising each morning with 300 ml water. This was either a 
placebo containing 200 mg cellulose (C and PE sets) or a supplement providing 37.4 mg elemental 
iron and 200 mg vitamin C (IS) set. In addition, members of the (PE) set incorporated 500-550g 
(edible portion), fresh Australian pork-meat into their diets each week without modifying their 
existing red meat intake. All participants were asked to maintain their usual eating patterns and 
food selections with the exception of the addition of pork-meat for the (PE) set. 
Data collection – food diaries 
Food intake data were sourced from three 7-day food diaries (D1, D2 and D3) that were 
maintained by the participants who recorded all foods and drinks consumed during weeks 4, 8 and 
12 of the study. Participants were not required to weigh foods but rather conveyed their food 
selections using their own words and manner. The participants recorded their intakes for a total of 
twenty-one days onto sequentially numbered recording sheets that were checked for possible 
misinterpretation at the dietetic consultations at weeks 4, 8 and 12 before being collected and 
submitted for data entry. 
Further to this, participants and researchers calculated the number of AGHE serves consumed 
each day from all AGHE food groups. However the EXTRAS group was not an option for 
participants because the AGHE consumer resource for simplicity did not explain that a percentage 
of consumed fats were assigned to the GRAIN group [148]. To avoid inflated EXTRAS serves only the 
researchers were given the option of assigning EXTRAS serves. On the participant recording sheets 
the omitted EXTRAS group was replaced with OTHERS where participants could assign what they 
believed to be the EXTRAS SERVES and serves of composite foods too difficult for them to assign to 
a single food group. Comparisons were made between the participant and researcher count for the 
GRAIN, VEGETABLE, FRUIT, DAIRY and MEATS AND ALTERNATIVES group serves and differences noted. 
Participants also classified meats, when consumed, as either “red”, “white” or “don’t know”. 
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For any foods where the AGHE serving count was uncertain (eg mixed dishes prepared outside the 
home) a ready-reckoner was constructed (Appendix 5) that provided guidance for the researcher. 
Statistical comparisons were undertaken to determine the consistency of AGHE food group 
intakes throughout the study then, if consistency confirmed, the intake data from D1, D2 and D3 
for each study set would be pooled. As the prevailing public health campaign, promoting two fruit 
serves and five vegetable serves per day, was derived from MODEL A of the AGHE; this model 
was used as the benchmark for intakes in this study. However the GRAIN recommendation is not an 
absolute number but instead a range (4-9 servings/d) and so it was determined to use the minimum 
value (4 serves/d) for the per cent attainment of the AGHE recommendations; and the ranges, for 
“per cent of collection days” that the AGHE recommendations were met. 
Data management and statistical analysis 
Data were stored in a purpose-built database (FileMaker Pro 11; FileMaker Inc., California, USA) 
with duplicate data entry and analyses minimising error. A participant’s data were excluded from 
analyses if there were incomplete diaries; completion errors; or illness week 4, 8 or 12. SPSS version 
19 was used for statistical calculations. The stability of the AGHE food group intakes over the 
course of the study were calculated using repeated-measures ANOVA. Chi-square tests checked 
whether the pattern of association between intakes and the AGHE recommendations and the study 
sets (C, PE and IS) was significantly different. T tests were used to determine whether the 
differences between participant and the benchmark intakes (AGHE recommendations) were 
significant. A value of P<0.01 was taken to designate statistical significance with 0.01≤ P ≤0.05 
indicating marginal significance. We took a conservative approach and interpreted P <0.05 as 
statistically marginal due to the large number of tests results under investigation. 
OUTCOMES 
Appendix 6 contains the raw data for this study. 
Participant characteristics 
A total of 58 participants provided complete dietary data sets for analyses (C, n=20; PE, n=16; IS, 
n=22). All the participants (24.4±4.2 years at study commencement) were within the healthy weight 
range (which was maintained throughout the study); descended from European (66%) or Asian 
(34%) parentage; and were university students, not living in university colleges where meals were 
provided. Inclusion criteria stipulated participants were prepared to consume pork-meat during the 
study thereby excluding some women for moral or religious reasons. 
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Consistency of food intakes 
Mean study set intakes for each diary collection period (D1, D2 and D3) are presented in Table 13. 
For each study set there were no significant differences between D1, D2 and D3 intakes observed 
for any of the AGHE food groups. As the (PE) study set were required to establish new intake 
patterns for this study, the consistency demonstrated between diaries suggests the (PE) set had 
established their new intake pattern prior to the first diary (i.e. during weeks 0-3). As intakes were 
similar between diary collections for all study sets the remaining analyses pooled D1, D2 and D3 
data for each of the sets. 
    
AGHE food groups 
 
C 
(mean±SD) 
PE 
(mean±SD) 
IS 
(mean±SD) 
Grains 
D1a 3.29±1.08 3.06±0.52 3.80±1.06 
D2b 3.43±1.18 3.09±0.71 3.34±1.04 
D3c 3.48±0.91 3.00±0.92 3.35±1.49 
mean 3.40±0.95 3.05±0.58 3.51±0.97 
Vegetables 
D1 2.31±0.66 2.22±0.65 2.29±0.96 
D2 2.21±0.80 2.32±0.90 2.13±1.10 
D3 2.04±0.83 2.58±0.69 1.87±1.06 
mean 2.19±0.57 2.37±0.69 2.10±0.88 
Fruit 
D1 1.03±0.58 1.35±0.47 1.29±0.63 
D2 0.95±0.55 1.32±0.64 1.08±0.68 
D3 0.83±0.55 1.40±0.63 1.13±0.87 
mean 0.94±0.0.49 1.36±0.49 1.17±0.70 
Dairy 
D1 0.83±0.47 0.74±0.47 0.76±0.52 
D2 0.90±0.49 0.74±0.47 0.66±0.51 
D3 0.99±0.45 0.71±0.47 0.66±0.49 
mean 0.91±0.40 0.74±0.42 0.69±0.41 
Meats and 
alternatives 
D1 1.61±0.51 1.69±0.35 1.66±0.56 
D2 1.63±0.50 1.77±0.33 1.64±0.51 
D3 1.74±0.69 1.79±0.35 1.65±0.69 
mean 1.66±0.47 1.75±0.24 1.56±0.52 
Extras 
D1 2.64±1.71 1.81±0.83 2.24±1.31 
D2 2.49±1.57 1.37±0.96 4.07±6.77 
D3 2.18±1.26 1.27±0.50 2.17±1.03 
mean 2.44±1.41 1.48±0.54 2.83±2.46 
 a, b, c Food diaries week 4, 8, 12 respectively
Study set C= control; PE = pork-enriched diet; IS = iron supplement 
     
Table 13: Mean AGHE food group serves consumed during each collection period. 
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Food intake and dietary guidelines 
Attainment of AGHE recommendations 
In Figure 36 where the participant intakes are presented as percentages of the dietary guidelines, the 
intakes for GRAIN, VEGETABLE, FRUIT and DAIRY are below the recommendations, MEATS AND 
ALTERNATIVES intakes are approaching double the recommendations, and dependent on the study 
set, the intakes from the EXTRAS group is either above or below the AGHE recommendations. 
 
Figure 36: Consumption of AGHE food groups expressed as percentage consumed of AGHE 
recommendations 
 
Table 14 presents the t test outcomes for the following null hypotheses. 
o For each study set the mean intakes of GRAIN, VEGETABLE, FRUIT, DAIRY or MEATS AND 
ALTERNATIVES were = AGHE recommendations. 
o For each study set the mean intake of EXTRAS was = AGHE recommendation. 
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AGHE food groups Study set One sample t test  
MEAN SD df P VALUE 
GRAIN 
4-9 serves 
(4 serves used) 
C 3.40 0.95 19   0.011 
PE 3.05 0.58 15 <0.001 
IS 3.51 0.97 21   0.026 
VEGETABLE 
5 serves 
C 2.19 0.57 19 <0.001 
PE 2.34 0.69 15 <0.001 
IS 2.10 0.89 21 <0.001 
FRUIT 
2 serves 
C 0.94 0.49 19 <0.001 
PE 1.36 0.49 15 <0.001 
IS 1.67 0.70 21 <0.001 
DAIRY 
2 serves 
C 0.91 0.40 19 <0.001 
PE 0.75 0.42 15 <0.001 
IS 0.69 0.41 21 <0.001 
MEAT and alternatives 
1 serve 
C 1.66 0.47 19 <0.001 
PE 1.75 0.24 15 <0.001 
IS 1.56 0.52 21 <0.001 
EXTRAS 
max 2.5 serves 
C 2.44 1.41 19 0.845 
PE 1.48 0.54 15 <0.001 
IS 2.82 2.46 21 0.541 
Study set : C = control (n=20); PE = pork-enriched diet ( n=16); IS = iron supplement ( n=22) 
  
Table 14: AGHE food group serves consumed by each study seta 
 
The serves consumed from the VEGETABLE, FRUIT and DAIRY groups by all study sets were 
determined to be significantly less than the AGHE recommendations (P<0.001) and significantly 
greater than the recommendation for the MEATS AND ALTERNATIVES group. For the (PE) set the 
GRAIN and EXTRAS food groups consumptions were significantly less than the recommendations 
(P<0.001).  
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Days (%) AGHE recommendations were consumed 
Table 15 presents the percentage of days during the collection period (total of 21 d) that the 
AGHE recommendations were consumed (C 420 records; PE 336 records; and IS 462 records). 
    
AGHE food groups Study set Percentage days (%) P value b 
(difference between 
study sets) NOT 
CONSUMED
< AGHE = AGHE a > AGHE a 
GRAIN 
4-9 serves 
C 2.6 56.7 40.7 0.0
ns PE 1.5 62.8 35.7 0.0
IS 2.1 62.7 35.2 0.0
VEGETABLE 
5 serves 
C 11.8 82.9 2.6 2.6
ns PE 10.1 82.4 3.5 4.0
IS 13.8 79.3 3.4 3.5
FRUIT 
2 serves 
C 35.6 40.4 15.6 8.4
<0.001 PE 19.6 40.2 22.6 17.6
IS 28.7 40.1 16.9 14.3
DAIRY 
2 serves 
C 24.0 62.3 8.2 5.5
ns PE 32.7 57.2 6.1 4.0
IS 34.9 55.4 5.8 3.9
MEAT and 
alternatives 
1 serve 
C 14.9 8.2 13.9 63.0
<0.001 PE 2.5 5.5 18.1 73.9
IS 12.4 8.9 21.1 57.6
EXTRAS 
max 2.5 serves 
C 24.8 52.6 4.1 18.5
<0.001 PE 32.2 53.8 1.5 12.5
IS 21.3 51.7 3.0 24.0
       
a = Shading indicates the cells have been classified as “meeting the AGHE recommendations”. Consumptions 
above the recommended servings have been included for all food groups - except the EXTRAS where there is 
a maximum intake recommended. For this group servings have been included that are less than the 
recommendation. 
b = chi square test  ns = not significant 
Study set : C =control (420 records) ; PE =pork-enriched diet (336 records); IS =iron supplement (462 records)  
Table 15: Days AGHE recommendations were consumed by study sets.  
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Associations between study set and AGHE food groups 
A chi-square test was performed on data with an association found between the study group and 
the FRUIT, MEAT AND ALTERNATIVES and EXTRAS AGHE food groups. 
GRAIN 
All study sets consumed less than the AGHE minimum four serves per day with the (PE) set 
consuming significantly less grain than the recommendation (P<0.001 Table 14). None of the 
participants met the grain recommendation for more than 8 of the 21 days (data not shown). 
Furthermore, no associations were found between study sets and either grain serves consumed 
each day or the percentage of days the recommendations were consumed (Table 15); however both 
interventions (PE and IS) demonstrated a modest reduction in days the recommendations were 
consumed. 
VEGETABLE 
Mean intakes were less than 50% of the AGHE recommendations for all study sets with a modest 
(non- significant) increase in vegetable consumption by the (PE) set (Figure 36). The percentage of 
days that no vegetables were consumed ranged from 10.1 – 13.8% (Table 15). When participants 
consumed vegetables up to 5 varieties were plated; however the serving size was less than the 
AGHE recommendation (data not shown) which contributed to the consumption of the 
recommendations on less than 7% of days.  
FRUIT 
Although all study sets consumed significantly less fruit than the recommended AGHE FRUIT 
servings (P<0.001, Table 14), different patterns of association were found between the study sets 
and the AGHE FRUIT serves consumed 2 (2, N= 1218) = 22.6, P< 0.001; and percentage of days 
the recommendations were consumed 2 (2, N=1218) = 23.4, P <0.001.  
Examination of the cell frequencies (Table 15)showed the (PE) set consumed AGHE FRUIT 
recommendations approximately 40% (135 of 336) of days while this lowered for the (C) and (IS) 
study sets to 24% and 31% of days respectively.  
DAIRY 
All study set intakes were significantly lower than the recommended AGHE DAIRY serves being 
50% to 59% of the guidelines (P<0.001, Table 14). Together, breakfast cereal consumed with milk; 
and gourmet milk-based coffee drinks accounted for almost 65% of dairy intake varying little 
between study sets (data not shown); and although both intervention sets (PE and IS) omitted dairy 
foods for a greater percentage of days, an association between study set and the percentage of study 
days that the recommended AGHE dairy serves were consumed was not found (Table 15). 
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MEATS AND ALTERNATIVES 
All study sets consumed ≥ 200% of the AGHE recommended MEAT AND ALTERNATIVES serves/d 
that was significantly higher than the AGHE recommended serves (P<0.001, Figure 36, Table 14).  
The (PE) set (directed to consume additional pork-meat as a component of the intervention) 
increased their red meat intake, reducing their white meat and nut intakes (Figure 37). 
Study sets: C= control; PE = pork-enriched diet; IS = iron supplement. Red meat includes porkmeat. 
 
Associations were found between the study sets and  
o the recommended AGHE MEATS AND ALTERNATIVES serves consumed per day 
2 (2, N= 1218) = 34.5, P<0.001 and 
o the percentage of study days that the recommended AGHE MEATS AND ALTERNATIVES 
serves were consumed  2 (2, N=1218) = 32.6, P <0.001. (Table 15). 
The (PE) set omitted the MEATS AND ALTERNATIVES group 2.4% of days in contrast to the (C) and 
(IS) sets who failed to consume foods from this group 14.9% and 12.4% of days, respectively and 
met the secondary AGHE recommendation of consuming 3-4 serves of red meat each week for the 
entire collection period (21 d) unlike the (C) and (IS) sets (data not shown). 
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Figure 37: Component intakes of the MEATS AND ALTERNATIVES group (AGHE) 
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EXTRAS 
The (PE) set consumed significantly less (59%) than the AGHE recommended maximum serve for 
this group (P<0.001) unlike the (C) and (IS) sets (98% and 113%, respectively) and only exceeded 
the recommendation on 12.5% of days compared to 18.5% and 24% for (C) and (IS) sets, 
respectively. 
There were associations found between the study sets and both the AGHE extras serves consumed 
2 (2, N= 1218) = 20.1, P< 0.001; and the percentage of days the serves were consumed 2 (2, 
N= 1218) = 24.1, P< 0.001.  
Participant interpretation of AGHE recommendations 
Sixty-two per cent of participants were able to describe to researchers the 2003 Dietary Guidelines 
for Australians without error in their first consultation and 71.3% could correctly recall the advised 
serving sizes for each recommendation (for women) in the AGHE. 
The participant’s assessments of the number of AGHE serves they consumed each day were 
compared to the AGHE description of “serve” for each food group (Table 16). There was limited 
agreement between the two and the extent of the difference varied with each food group. Data for 
the EXTRAS group have been excluded from this activity. Results by food group follow. 
GRAIN 
All study sets under-estimated their intakes (55.1 – 62.0 % of days) with participants making the 
most errors when serves of GRAIN such as rice, pasta and couscous had to be calculated. There were 
<1% of errors attributed to the miscalculation of bread serves. However bread intakes were low 
(median 0.5 serves per day; range 0 – 1.5). 
VEGETABLE 
For all study sets VEGETABLE serves consumed were only correctly calculated for 20.2% of records 
with under- and over estimations being almost equal. The vegetables that the participants 
miscalculated most often were broccoli, corn, peas and sweet potato. Boiled (or steamed) potato 
and mashed pumpkin were correctly determined on each occasion.  
FRUIT 
Approximately 60% of days the participants assigned the correct number of AGHE FRUIT serves. 
This notably the food group most correctly calculated and this was aided by most fruits have one 
piece of the whole fruit eg one apple, orange or pear equalling one AGHE serve. Fruit juice was 
less than 5% of fruit consumed but unlike the whole fruit, was incorrectly estimated 83% of days. 
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AGHE food 
groups 
Study
set 
AGHE SERVES CONSUMED 
under-estimated
(%) 
correct 
(%) 
over-estimated 
(%) 
    <1 serve 1 serve >1 serve 
GRAIN 
C 60.3 10.8 9.6 7.5 11.8 
PE 55.1 24.0 5.6 9.2 6.1 
IS 62.0 14.3 6.6 6.4 10.7 
 mean 59.1 16.4 7.3 7.7 9.5 
VEGETABLE 
C 40.4 19.0 13.0 12.0 15.6 
PE 38.3 19.4 4.6 15.8 21.9 
IS 41.7 22.3 9.8 12.9 13.3 
 mean 40.1 20.2 9.1 13.6 16.9 
FRUIT 
C 8.4 61.6 12.3 12.7 5.0 
PE 12.8 57.7 14.8 11.7 3.0 
IS 9.8 58.7 11.6 13.5 6.4 
 mean 10.3 59.3 12.9 12.6 4.8 
DAIRY 
C 7.7 28.8 18.0 19.5 25.0 
PE 1.5 25.8 13.3 26.0 33.7 
IS 6.8 36.1 11.6 23.1 21.8 
 mean 5.2 30.1 14.2 22.8 26.8 
MEAT AND 
ALTERNATIVES 
C 21.6 28.9 13.2 28.8 7.5 
PE 35.0 24.2 13.8 24.2 2.8 
IS 31.3 25.9 10.8 24.9 7.1 
 mean 29.3 26.3 12.6 26.0 5.8 
       
Study sets  C = control; 420 records. 
  PE = pork-enriched diet; 336 records. 
  IS = iron supplement; 462 records. 
Table 16: Researcher evaluation of participant assessment of AGHE serves consumed  
DAIRY 
The participants demonstrated difficulty with the assignment of serves for this group with over and 
under estimation almost equally distributed across the table. Determinations that were correct 
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(30.1% of days) included yoghurt (data not shown). Single serve cartons of yoghurt are one AGHE 
serve. Over-estimations were on occasions where gourmet milk-based drinks featured.  
MEATS AND ALTERNATIVES 
The meals that were the most difficult for the participants to calculate were stir-fry, mixed pasta 
and risotto. “Meat and vegetable” and breakfast meals with egg were correctly assigned serves 
(71.3%). Legumes were consumed on less than 1% of days and were under-estimated on all 
occasions.  
DISCUSSION 
This current dietary study where dietary intakes were recorded for 21 days reports none of the 
young women met the AGHE recommendations for the GRAIN, VEGETABLE, FRUIT, DAIRY or MEAT 
AND ALTERNATIVES groups (P<0.001); and despite consuming approximately double the MEATS AND 
ALTERNATIVES recommendations only the participants in the (PE) set consumed the secondary 
recommendation of 3-4 red meat serves per week. The (PE) set consumed significantly less 
(P<0.001) than the GRAINS and EXTRAS AGHE recommendations. It was not anticipated that the 
study participants, who had all proven themselves able to undertake university studies, would 
demonstrate such difficulty in interpreting the AGHE and calculating the serves they had 
consumed each day. However, the errors range was 38 – 89% dependent on the food group 
assignment. This may have contributed to their failing to meet the dietary guidelines. 
Kolodinsky et al [485] reported college students with knowledge of the dietary guidelines were 
better equipped to meet these guidelines especially for fruit, dairy, grain and protein; and Anding, 
Suminski and Boss [483] reported the majority of the female students in their study were meeting at 
least one of the seven (US) dietary guidelines. These and other studies that report on consumer 
awareness and understanding are limited through study design in their ability to report whether 
these students were actually following the guidelines [486]. In this current study we determined 
participant food group knowledge using a less intense questioning protocol than Kolodinsky and 
ascertained a large percentage of this study’s participants could recite the Australian dietary 
guidelines and recall the AGHE serving recommendations. Despite knowledge of these servings 
the translation into consuming any of the GRAIN, VEGETABLE, FRUIT, DAIRY or MEATS AND 
ALTERNATIVES recommendations during the 21 days of collection was not evident. Furthermore the 
(PE) set consumed significantly less serves of GRAIN than the recommendations. This apparent 
change of intake however could be explained with a more detailed analysis of the consumption 
patterns of this study set. The pre-study purchase of rice and pasta based meals were frequently 
being replaced by home-cooked pork and vegetable meals.  
Unlike the Anding, Suminski and Boss study, in this study it was not the majority of participants 
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but rather only a little more than 27% of the students managed to meet one of the (Australian) 
Dietary Guidelines – the EXTRAS group. This finding is even more concerning when researchers 
such as Georgeou [222] report from their survey that diet quality is higher for undergraduates than 
graduates and working peers. In the 20-29 year age group in Australia 33.1% attend tertiary 
institutions [487] and slightly more than half of these students are female [488]. These statistics 
suggest approximately 80% of young Australian females are consuming diets of lesser nutritional 
quality than the women in this current study. Cross-sectional studies utilising surveys or recording 
an isolated day give the researcher insight but are limited when reporting on adherence to good 
eating practices. A repeat of the current dietary study with working peers may report a different 
outcome. Exploring the stability of the eating practices of the female university students in this 
current study, while analysing the intakes of both intervention sets, enabled insight concerning 
dietary change. 
Henson et al [489] investigated the difficulty individuals have when incorporating the changes 
associated with eating healthier and determined limiting meat and increasing fruit and vegetable 
intakes to be the most challenging. In the current study the (PE) set did increase both the quantity 
and frequency of consumption of fruit and there was a modest increase in vegetable intake. The 
necessity for participants in this study set to construct meals around the provided pork-meat 
appears to have contributed to this dietary improvement. The additional 3-4 meals (500g pork-
meat) replaced meals that had been either purchased on route home, “at the pub” or were 
refrigerator “left-overs” and as such we determined to be smaller and less satisfying. This could 
account for the reduction of EXTRAS between meals for the (PE) set and the introduction of fruit as 
a mid-meal snack. Despite the vegetable and fruit intakes improving for the (PE) set, the servings 
consumed still fell short of the AGHE recommendations. Participants in the (IS) study set did 
modify their fruit and dairy consumption. Here there was a trend of increased fruit and reduced 
dairy consumption that is difficult to explain. The participants did not report constipation from the 
iron supplements when routinely questioned by researchers however it is common knowledge that 
increasing fruit intake is advised to relieve constipation and participants may have adjusted intakes 
subconsciously.  
Regardless of the assignment to study sets participants failed to meet the AGHE recommendations 
for DAIRY 90% of collection days with the individual dairy intakes only a little more than half the 
recommended serves. A possible explanation could be participants generally believing they were 
consuming sufficient DAIRY serves yet our analyses found nearly 64% were over-estimating their 
intake. The AGHE resource was designed to help the general population interpret the dietary 
guidelines and yet the university students could not calculate the correct DAIRY serve when some of 
the examples provided were as straight forward as one serve = one carton of yoghurt or one glass 
of milk. The effectiveness of the AGHE guidelines for this population needs to be questioned. 
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The recommendation for young women to consume one serving from the MEATS AND 
ALTERNATIVES group daily was overwhelmingly exceeded (>200%) because FFQ results (Table 5) at 
study commencement determined mean iron intakes to be 19.0±7.4 mg/d; just 1 mg over the RDI. 
This suggests the women are consuming a substantial number of foods from this AGHE group 
that are poor sources of iron (Figure 37). Although this is true for all study sets there was a 
demonstrated reduction in the consumption of white meats by the (PE) set and an almost equitable 
increase in red meat (pork-meat). The significantly higher MEAT AND ALTERNATIVES intakes by the 
(PE) set could be explained by the women incorporating the 500g of pork-meat each week into 
their meals but only reducing their existing intake of foods from the MEATS AND ALTERNATIVES 
group by lesser amounts. The intent of the (PE) intervention was not to add to the excess intake 
from this AGHE group but rather to replace the lesser iron-containing foods with pork-meat. As 
can be seen in Figure 37 participants reduced their intakes of chicken and nuts.  
The (PE) set consumed significantly less (P<0.001) than the recommendations for the EXTRAS 
AGHE food group and 40% less than the other study sets with the between-meal toasted flavoured 
breads, such as banana or coconut, and chocolate based snackfoods replaced with fresh fruit – 
bananas, strawberries and kiwifruit – or omitted. Recent studies investigating intake influences on 
snack foods, which are a large constituent of the EXTRAS group, have focused on food 
reinforcement, satiety, environmental cues and container size [490-492]. Our findings would 
suggest a possible association between the changes in eating behaviour by (PE) set reduced the 
consumption of these foods.  
All women demonstrated difficulty in calculating the correct AGHE serves they consumed and this 
may contribute to their failing to meet the dietary guidelines. If it were not for the failing of these 
women to calculate their intake servings correctly we would argue strongly that their current good 
health and well-being – the latter being higher than their age and gender matched population 
norms [416] – have reduced their concern over their longer term health and the necessity to attend 
to their current nutritional well-being [493]. Analysis of their ability to identify the AGHE servings 
demonstrated inability to correctly identify “a serving size” which may contribute to any 
misconception by participants that they were consuming healthy diets. A recent study identifying 
the accuracy of carbohydrate counting by people with diabetes reported an error rate of 63% [494]. 
] so with this in mind the accuracy for determining the AGHE serving sizes in this study was 
commendable because correctly determining the AGHE serving sizes for each food group requires 
a greater understanding of a larger range of food items.  
This study has provided further evidence of the inability of populations to meet the national dietary 
guidelines that have been developed worldwide to help populations improve their nutritional 
intakes. Analysing data that was collected for 21 days has deepened our understanding of the food 
intake patterns of this generation of women. Although the food diaries, questionnaires and 
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communication logs were detailed and provided considerable data; had weighed food diaries been 
maintained by participants there could have been more substantial comparisons made with the 
nutrient data from the two FFQ completed. The maintenance of weighed food diaries however 
may have increased data error, modified participant intakes during the collection weeks due to the 
complexity of the task of weighing foods and possibly affected the numbers completing the 12 
week study.  
Survey data from a study undertaken by Ball [355] reported one-third of Australian women (50-55 
years) complied with more than half of the guidelines. What brings about this noteworthy change 
in eating behaviour by women between 25 and 50 years of age? We have been unable to identify 
research looking at this phenomenon. Henson [489] investigated the change difficulty but not the 
actual process or initiators of the change. The changes in dietary habits in newly married couples 
have been reported [495] but not later in the relationship. It could be postulated parenthood and 
the responsibilities associated with rearing healthy children could contribute to this change in 
behaviour nonetheless research identifying the influences is required to provide insight into 
successful strategies to improve the food intakes and ultimately the nutritional status of the women 
in their reproductive years. 
Conclusions 
The young women in this study were unable to incorporate the AGHE recommendations into their 
current lifestyles with none of the study sets meeting the GRAIN, VEGETABLE, FRUIT or DAIRY 
recommended serves per day. Intakes for the MEAT AND ALTERNATIVES group exceeded the AGHE 
recommendations however serum concentrations of ferritin (Study 1) and vitamin B12 (Study 2) 
were lower than expected. Additionally these well-educated young women demonstrated difficulty 
interpreting the AGHE recommendations. Except for the allocation of FRUIT serves there were 
errors in 75% of the food assignments. It may be the lack of data concerning the food management 
practices of young women that constrain the establishment of effective nutrition campaigns for the 
Australian dietary guidelines. Researchers need to untangle the eating behaviours of this generation 
of women and this will aid in the design of literature and programs that effect dietary change. The 
pork-meat intervention in this study did modify meals and behaviours by necessitating the young 
women prepare and cook meals rather than purchasing meals. This positively impacted on their 
intakes bringing them closer to the dietary guideline recommendations than the other study sets. 
The mechanism for this change can only be postulated. Perhaps the necessity to prepare and cook 
meals increased satiety and reduced purchased snack food consumption in lieu of meals or between 
meals.  
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C H A P T E R  5 :  
 
E A T I N G  B E H A V I O U R S  
( S T U D Y  4 ) 6 
OF WOMEN OF REPRODUCTIVE AGE 
INTRODUCTION 
In the previous chapter, findings highlighted the inability of women of reproductive age to 
consume sufficient servings from the core food groups in the AGHE 2003 [208] with their intakes 
being as low as 47% of the recommendations. This warrants a closer investigation of their eating 
behaviours, especially their meal construction and patterning, to provide some insight for nutrition 
educators.  
The Australian population consumes breakfast (first meal of the day following an overnight fast), 
lunch (a midday meal often eaten away from home) and dinner, which is the largest meal, at the 
end of the day. Between-meal snacks have traditionally featured in the diets of school-aged children 
and have gradually been introduced into the work-force by the trade unions [496, 497]. These 
snacks, frequently consumed with beverages, are now commonly incorporated into the diets of 
adults. Studies focusing on dietary changes following immigration to Australia have reported the 
conversion of the breakfast meal from culturally traditional foods to baked goods, cereals and the 
inclusion of ‘bacon and eggs’ at weekends to be the earliest dietary changes [498]. Ease of 
preparation is cited as a driving force by immigrants of Asian descent. Dietary acculturation is often 
associated with detrimental effects on the diets of immigrants as studies report replacement of 
traditional nutrient dense foods with westernised high fat and sugar containing processed foods 
[128, 499]. The evening meal is the most resistant to modification and retains elements of cultural 
backgrounds. Regardless of the diverse cultural makeup of this continent [500] the ‘three meal and 
three snack model’ of eating is the prevailing pattern. The DGA [150] with its interpretive resource 
– AGHE have been established to help individuals determine the servings of key food groups they 
are advised to consume each day to attain and maintain nutritional health. The manner these foods 
are combined and consumed each day has minimal guidance with reliance on the individual to use 
                                                     
6  McArthur, J.O., Samman, S. Food intake patterns and their nutritional impact in young women 
living in Australia in: Lysaght, P., Ed. Time for Food: Everyday Food and Changing Meal Habits in a 
Global Perspective. Ako Akademi University Press; Turku, Finland, 2012. p247-59 
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food literacy skills to establish eating behaviours that will support the nutritional recommendations 
[501, 502]. There have been only a few, mainly cross-sectional, studies reporting on the eating 
behaviours of women in their reproductive years. Instead there have been studies focusing on 
college and university students that have investigated specific aspects of dietary practices by young 
men and women. These largely survey-based studies have reported on coffee [503] and alcohol 
intakes [504]; the price influence on beverage intakes [505]; social impacts [329, 506]; meat 
avoidance [507]; healthful foods [222]; and snacking and fruit consumptions [466]. Analyses of 
meal behaviours for this generation, often described as being complex with unstructured 
behaviours [504], has challenged the statistical generalisations linked to traditional research design 
[508]. There is however an imperative to untangle the food management behaviours of these 
women as the presence of a happy demeanour; active participation in sports; involvement in social 
events with family and friends; and lack of medical illness, does not assure an absence of nutritional 
stresses [416, 509]. 
Adolescence, a period of significant physical and behavioural change, precedes young adulthood 
and could have eating behaviours in common with young women as adolescence is often viewed as 
transitional linking childhood and young adulthood attitudes and behaviours [510, 511]. There has 
been research interest in food behaviours at breakfast for all ages; in particular the impact on the 
day’s nutrient intake when breakfast is omitted. Depending on the western society under review, 
3% - 29% of adults omit the first meal of the day [489, 512, 513]. As there is an association 
between poor dietary intakes and the development of chronic disease [479, 514] there is concern 
for the future health of this generation.  
Intake, food management and eating behaviour data collected during the 12 week RCT should 
provide nutrition educators with insight of the eating behaviours of educated, healthy young 
women which will provide evidence-based guidance for the development of effective nutrition 
campaigns for this nutritionally vulnerable group. 
STUDY AIMS 
This analysis of the dietary data collected during the primary RCT (Study 1) will be used  
1. to ascertain how healthy, women of reproductive age attending university structure 
their food intakes;  
2. to evaluate food behaviour and changes that resulted from integrating pork-meat or an 
iron supplement into the diets of women in their reproductive years. 
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METHOD 
Participants 
Sixty-five female tertiary students aged 18 – 35 years in apparent good health, who did not take 
nutritional supplements, non-prescription or prescription medications (except for oral 
contraceptives), were randomly assigned to one of three study sets – control set (C), pork-meat 
intervention set (PE) and iron supplement set (IS). Sample size had already been calculated – see 
page 63. They were full-time students from The University of Sydney between 2008 and 2009, 
almost exclusively (98%) in their 3rd to 5th year of study on the one campus. They did not reside in 
university residences where meals were provided. 
Data collection 
The primary data sources for this sub study were the 21 day self-completed food diaries. 
Participants from the (C) and (IS) study sets reported their broader eating behaviours and meal 
patterning prior to and during the study to be constant and unaffected by the protocols of the 
study (source: questionnaire responses, consultation logs, FFQs and food diaries). Participants in 
the (PE) study set however were required to incorporate additional provided ‘meat’ into their diets 
thereby disrupting their existing eating behaviours. This did enable observation and analysis of the 
approaches used to integrate foods containing the nutrients of identified need i.e. iron and vitamin 
B12 ; and the impact of eating behaviours established with this intervention. 
Eating behaviour – food diaries 
Each participant recorded their food intake for 7 days on three occasions during the twelve week 
study on sequentially numbered diaries that have been detailed in an earlier chapter (Study 1). The 
food diaries provided data on eating event classifications; participant intake patterning within and 
between days; relationships between eating events; the frequency of food intake; meal omissions; 
the variety of foods and the nutritional quality of meals consumed. There were two coding phases 
for the analyses of the diaries. 
PHASE 1 CODING 
Both the participant assignment of the eating events and the researcher categorisation of eating 
events were entered into the database for later comparison. Participants were asked to declare 
whether they judged their eating sessions to be either a ‘meal’ or ‘snack’ when completing the food 
diaries. It was of interest to ascertain the criteria used by the young women to make these 
determinations as researchers have used energy content, time in the day or meal structure to define 
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meals [515]. Figure 38 presents the definitions for both ‘meal’ and ‘snack’ used by the researchers 
for coding and comparison with participant assignment.  
Because of the multicultural nature of Australia’s food supply on campus, in homes and cafes, a 
meal may have demonstrated acculturation of its constituents e.g. stir-fry lamb, duck caesar salad or 
avocado and chicken sushi rolls. Allowance was made for this when coding.  
 
A ‘meal’7 is a food event where there is a culturally conventional collection of 
foods that have undergone preparation before eating; contains a minimum of two 
food groups, where at least one was a grain based food; and is consumed in the 
one location  
A ‘snack’ is not bounded by format, culture, nutritional inclusions, frequency 
or time of ingestion. It consists of one or more foods where the only 
relationship between them may be ingestion within the one eating event. Eating 
may be ‘on the move’. 
Figure 38: Meal and snack definitions for this study. 
 
PHASE 2 CODING 
When participants recorded their intake into the diaries they assigned the eating events to fields 
marked breakfast, lunch, dinner or snack. The researchers’ coding regime considered the nutritional 
value of the foods consumed at each of the eating events assigned as meals (breakfast, lunch and 
dinner). A similar approach was used by Lennernäs and Andersson [515]. We categorised the 
nutritional quality of meals consumed by the participants to one of five categories (Figure 39) and 
noted when meals were omitted. Using this approach the ‘energy-content’ element of traditional 
eating event analysis has been de-emphasised and the nutritional content has been emphasized in 
its place. The divisions ‘animal’, ‘grain’ and ‘plant’ are broader than those associated with the 
Australian dietary guidelines used in the previous chapter but readily interpreted.  
  
                                                     
7  A ‘meal’ for this study (as the literature presents no universally accepted definition) contained a grain-
based food. The historical format of main eating events from cultures represented in Australia today; the 
development of food preparation and eating patterning in Australia in the 1800s; and food groupings that 
would provide best possible nutrient content for a baseline definition of a ‘meal’ were considered. Grain 
was the benchmark inclusion across cultures and time. [516] 
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o ‘animal’ includes the MEATS AND ALTERNATIVES and DAIRY AGHE groups 
o ‘grain’ is equivalent to the GRAIN AGHE group 
o ‘plant’ includes the FRUIT and VEGETABLE AGHE groups 
This would ease comparisons with other studies and minimised judgements where legumes were 
concerned as the AGHE places these into two food groupings. 
 
  
MEAL CATEGORY OMITTED b 
NUTRITIONALLY 
COMPLETE a 
NUTRITIONALLY INCOMPLETE SNACK b 
 
A B C 
animal, 
grain and 
plant foods 
animal and 
grain foods 
grain and 
plant foods 
animal and 
plant foods one food no food 
      
 
 a   professionally prescribed liquid meal replacement would be scored nutritionally complete 
 b    non-nutritive drinks were discounted as food 
 
Figure 39: Meal categories for phase 2 coding. 
 
Eating behaviour – conversation logs and food questionnaire 
The conversation logs from the five scheduled dietary consultations and the self-completed 
participant questionnaires at time 0, 12 and 16 provided context to food selections in the diaries 
such as cultural background, living environment, university progress, food management and 
nutrition knowledge. The scheduling of the consultations coincided with the submission of each of 
the food diaries affording the opportunity to clarify entries.  
Data management  
A relational database (FileMaker Pro 11; FileMaker Inc., Santa Clara, CA, USA) held all collected 
data from the primary study including the food diaries, questionnaires and communication logs. 
Details are in Study 1. 
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Statistical analysis 
Statistical analyses were performed using the commercially-available statistical software (SPSS 19.0; 
SPSS Inc., Chicago, IL, USA) and Microsoft Excel 2010. Data were stored in a purpose-built 
database (FileMaker Pro 11; FileMaker Inc., California, USA) with duplicate data entry and analyses 
minimising error. A participant’s data were excluded from analyses if there were incomplete diaries; 
completion errors; or illness week 4, 8 or 12. The stability of the AGHE food group intakes over 
the course of the study were calculated using repeated-measures ANOVA. Chi-square tests 
checked whether the pattern of association between intakes and the AGHE recommendations and 
the study sets (C, PE and IS) was significantly different. t tests were used to determine whether the 
differences between participant and the benchmark intakes (AGHE recommendations) were 
significant. A value of P<0.01 was taken to designate statistical significance with 0.01≤ P ≤0.05 
indicating marginal significance. We took a conservative approach and interpreted P <0.05 as 
statistically marginal due to the large number of tests results under investigation. 
OUTCOMES 
Participant characteristics 
  
7.7%
44.6% 40%
49.2%
36.9% 43.1%
43.1%
18.5% 16.9%
Living
Arrangements
Food
Purchasing
Meal
Preparation
Self Share Family
Figure 40: Living arrangements and food management practises (n= 58) 
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Fifty-eight participants (C n=20; PE n=16; and IS n=22) had complete dietary data. The 
participants (aged 25.2±4.2 y) were within the healthy weight range (BMI 21.9±2.2 kg/m 2) and 
maintained their weights (all study sets) for the 12 week study demonstrating energy balance. All 
exercised regularly, but not at elite levels, and their feelings of well-being were higher (although not 
significant) than the gender and age matched Australian norms [517]. They were tertiary students 
that had been attending a single campus, full-time for 3-5 years; and were accommodated off-
campus either in the family home, shared accommodation; or as a sole occupant (Figure 40).  
 
Food management  
It can be seen in this figure that a little over 56% of students lived away from the family home 
despite as few as 13.8% of families living overseas or beyond the Sydney environs. Food and meal 
purchasing was reported by 44.6% of participants as their sole responsibility in the household. The 
majority of participants (18/25) living in the family home reported being responsible for preparing 
their own meals. The conversation logs provided further detail on the activity of ‘meal preparation’.  
This activity is inclusive of  
o the microwave heating of convenience meals;  
o the re-heating of the meal prepared earlier by another family member;  
o the home-made sandwich (prepared by another family member) following the 
participant’s instruction;  
o the cooking of fresh ingredients and 
o the relocating of prepared, but not plated meals from the refrigerator onto the dinner 
plate; and  
The removal of a plated meal from the oven was reported as ‘family or shared responsibility’. The 
analyses of the food diaries of participants who reported being responsible for their food 
purchasing (44.6%) show only 14% of the meals consumed were purchased as their constituent 
ingredients before being prepared for consumption.  
Food interest 
The manner of completion showed diversity and an unexpected commitment to the task by more 
than 80% of participants. These participants demonstrated interest in the meal components and 
quantities consumed. Those demonstrating less interest in foods regularly consumed purchased 
dishes that were shared over two meals, minimised food entry into diaries (“chicken” and not the 
particular section consumed) and consumed the same foods day after day. Table 17 presents the 
range of formats that data were returned for entry and analyses. 
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FOOD DIARY REPORTING (%) FOOD DIARY REPORTING (%) 
Minimum descriptive 
reporting 18.5 
Itemised weighed components of 
sandwiches 4.6 
Included brand-named 
products 7.7 Colour coded meal components 3.2 
Included links or references 
to recipes 3.2 
Returned handwritten entries on 
crumpled pages 92 
Emailed diaries that had been 
generated using mobile 
phones 
4.6 Offered explanations of the health benefit of each item consumed 3.2 
Explained why they ate the 
‘high fat, unhealthy snack 
food’ for dinner 
6.1 Completed diaries using student shorthand 1.5 
Included photographs or 
drawings of vegetables that 
were consumed away from 
home but name not known 
3.1   
    
Table 17: Manner of reporting food intakes 
 
The data included health commentary surrounding the foods consumed (9.3%), coding systems, 
photographic records and links to recipe resources (13.7%). 
Food intakes were instructed to be recorded in real-time. The variability in script between meal 
entries; the daily smart phone records during the recording periods; and well-travelled recording 
sheets (92%) suggest intakes were not memorised for later diary entry. When some participants 
consumed unfamiliar vegetables or fruits, drawings were submitted and these became a focus of the 
dietetic consultations.  
Eating event classification 
Phase one coding of the diaries, where both participants and researchers broadly classified eating 
events as being either ‘meal’ or ‘snack’, established only 66.4% of eating events classified as meals 
by participants were coded as such by researchers. Participants, when first meal of the day was 
before midday classified the meal as breakfast on 97.3% of occasions. When first meal of the day 
was after midday, regardless of the foods consumed during that event, all occasions were classified 
by participants as lunch and breakfast was omitted for that day. Dinners were meals after 1700 and 
prior to 0300 hours. All of the eating events classified as snacks by participants were coded as 
snacks by researchers. 
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Meal variety and format 
Table 18 shows constancy of meal format during the 21 days of data collection. Although there 
were 58.9% of participants varying their evening meal format nearly 36% were not. The availability 
of cooking facilities was not a limitation on meal format as all participants had stove-top, oven and 
microwave access. For greater than half the study 54% of the participants did not change the 
format of their breakfast meal and similarly 71% did not alter their lunchtime format. There was no 
significant difference found between study sets. 
 
   
 EVERY DAY a MOST DAYS b 
 meal format constant meal format constant meal format varied 
 % participants % participants % participants 
Breakfast 11.8 41.2 17.6 
Lunch 17.6 53.0 17.6 
Dinner 00.0 35.9 58.9 
    
  a  20-21 days of the total 21 days of food diaries 
  b  11-19 days of the total 21 days of food diaries 
Table 18: Constancy of meal format for participants (n=58) 
 
Participants report the days of change were not confined to weekends. As full-time students with 
casual employment (n=56) and flexible class times there was the opportunity for students to 
change routine mid-week or weekend. The two most popular formats for breakfast were ready-to-
eat-cereal (RTEC) (33%) and baked goods eg breads, buns, toast or muffin (36%); for lunch there 
were protein filled sandwiches (26%) and yoghurt with or without fruit (18%); and for dinner, a wet 
dish of rice or pasta (42%) and protein with salad or vegetables (23%). RTEC and baked goods 
accounting for 69% of the breakfast meals (i.e. 840/1218 meals) influenced meal behaviour later in 
the day (Figure 41). There was a clear difference with meal management following these two 
breakfast foods. Participants consuming RTEC for breakfast replaced either one or two meals later 
the same day with snack food – 22% of lunches and 13% of dinners were substituted. Whereas 
participants consuming baked goods for breakfast then omitted meals – 24% of lunches and 11% 
of dinners Less than 1.0% of days starting with RTEC had meal omission and 1% of days where 
breakfast was baked goods had snack food replacing a later meal.  
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Another difference was the consumption of vegetarian salads for lunch by the RTEC consu mers 
compared to wet dishes such as pasta and rice based meals by those consuming baked goods for 
breakfast. Protein filled sandwiches were most frequently selected for the lunch meal by all 
participants followed by a combination of yoghurts and fruit. Putting aside the snack food vs or 
omitted meal difference already identified, dinner selections were similar for both groups. 
Meal items sourced from home or purchased on campus 
Food items recorded as being carried to university (Figure 42) were consumed as either 
supplementary foods to a purchased lunch (11%), lunch (21%), between meal snacks (62%) or not 
disclosed (6%). 
  
lunch dinner lunch dinner
BREAKFAST OF                                               BREAKFAST OF
READY TO EAT CEREAL                               BAKED GOODS
protein sandwich protein with salad or vegetable
nil snack food
fruit or yoghurt wet dish
salad other
toast
Figure 41: Predominant meal formats following either RTEC or baked goods breakfast  
100 % 
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HOME SOURCED PURCHASED ON CAMPUS 
Whole fruits Sandwiches and wraps 
Breakfast bars Yoghurt 
Nuts and trail mix Snack foods (chocolate and health bars) 
Crackers and canned tuna Sushi 
UHT liquid meals eg. Up and Go Rise and pasta based hot dishes 
Muesli bars Fruit salad or freshly made juices 
Boxed dried fruit Pizza 
“Left-overs”a if chilling/heating available Chilled salad 
Dehydrated soup, rice and pasta Hot chips or wedges 
  
 a second meal from an earlier prepared or purchased meal 
Figure 42: Comparison of the foods sourced from home or purchased on campus 
Intervention impact – (IS) and (PE) 
Meal preparation 
The pie charts in Figure 43 show no difference with the meal preparation location between the 
control and iron supplement study sets however as seen in the two highlighted charts, there is an 
increase in home prepared meals especially for the evening meal. The increase was modest for the 
breakfast meal being only 5-9%. There was a 27% increase in the evening meal preparation at 
home. This can be attributed to less purchased café cakes for breakfast and a replacement of 
‘cracker and cheese meals at the pub’ with home cooked meals (data not shown). However the total 
32 – 36% increase in ‘meal preparation at home’ was greater than the calculated 14% required for 
the intervention. Almost 50% of the ‘left over’ meals for lunch and dinner were derived from 
splitting purchased meals over two eating events. ‘Left overs’ at breakfast were restricted to pizza, 
dessert and lasagne. For the other meals ‘left overs’ were fried rice, pasta meals, salad or wet dishes 
with rice. 
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 Records: C = 420;  PE = 336;  IS = 462 
 
Consumption patterns 
Meal purchasing behaviour varied little between (C) and (IS) sets however the (PE) set purchased 
and omitted fewer meals during the week. Table 19 (a) presents meals purchased and omitted 
during the week for each study sets. Purchased meals (median/week) were 5.0 for the (PE) set 
compared with 6.0 and 6.5 for the (C) and (IS) sets respectively. None of the (PE) study set 
72
23
5
C breakfast
%
81
17
2
PE breakfast
%
76
22
2
IS breakfast
%
45
40
15
C lunch
%
46
40
14
PE lunch
%
44
41
15
IS lunch
%
35
49
14
C dinner
%
62
26
12
PE dinner
%
35
50
15
IS dinner
%
Figure 43: Percentage of meals sourced from home, outside the home  
or ‘left-overs’ 
    prepared outside the home            prepared at home      ‘left overs’ of mixed origin
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omitted the dinner meal and only one participant of this set omitted food intake at lunchtime (and 
then only one day per week). The (C) and (IS) sets did omit meals. Gourmet beverage and alcohol 
intake patterns shown in Table 19(b) were consistent across the study sets. Data for ‘alcoholic 
beverage’ intakes have been influenced by the high binge intake of two (C) participants. 
 
    
 (a) (b) 
Study Set Each Week (7 days) Each Day 
 
Purchased 
lunchtime 
food 
No 
lunchtime 
food 
Purchased 
dinnertime 
food 
No 
dinnertime 
food 
Gourmet 
Drink a 
Alcoholic 
Beverage 
C (n=20)   
median 2.5 1.5 3.5 1.0 1.0 0 
range 0-7 0-5 0-6 0-5 0-5 .0-15 
IS (n=21)   
median 3.0 1.0 3.5 1.5 1.0 0 
range 0-6 0-4 0-6 0-5 0-5 0-5 
PE (n=16)   
median 2.5 0 2.5 0 1.0 0 
range 0-6 0-1 0-4 0 0-5 0-5 
 a  purchased milk-enhanced beverages    
Study sets: C = control; PE= pork-enriched diet; IS = iron supplement 
Table 19: Frequency of key food behaviours  
 
Nutritional value of meals 
The more in-depth phase two coding (Table 20) identified differences in the nutritional quality of 
meals between the (C), (IS) and (PE) study sets. Overall the nutritional quality of meals consumed 
by participants in the (PE) set was higher than meals consumed by the other participants.  
Eighty-one per cent of the breakfast meals consumed by both the (C) and (IS) sets were 
nutritionally incomplete however the participants in the (PE) set increased the percentage of 
nutritionally complete breakfasts consumed (42%; P<0.01); reduced the nutritionally incomplete 
meals to 24%; and the cereal only breakfasts to below 11%. The (PE) set also demonstrated 
significant improvement in the nutritional quality of the evening meal (55%, P<0.01) and 
significantly reduced (P<0.01) the meals graded as snacks or omitted for lunch and dinner.  
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NUTRITIONAL QUALITY OF MEAL  
 
Complete a Incomplete 
Ab 
Incomplete 
B c 
Incomplete 
C d 
Snack e Omitted e
 % meals % meals % meals % meals % meals % meals 
C   ( 420 records)      
Breakfast  19  33  7 4  26  11  
Lunch  42  14  8 12  17  7  
Dinner  39  17  7 20  10  7  
IS  ( 462 records)      
Breakfast  19  32  7 5  25  12  
Lunch  40  14  7 10  20  9  
Dinner  38  16  8 25  6  7  
PE  (336 records)      
Breakfast  42* 11  13 0  32  2* 
Lunch  38  25* 0 30* 7* 0* 
Dinner  55* 5 5 33  2* 0* 
       
a   professionally prescribed liquid meal replacement would be classified as nutritionally complete 
 b    animal and grain foods  
 c    grain and plant foods 
 d   animal and plant foods 
 e    non-nutritive drinks were discounted as food 
*   P<0.01 
Study sets: C= control; PE = pork-enriched diet; IS = iron supplement 
 
Table 20: Phase 2 coding – researcher grading of the nutrient quality of meals  
 
DISCUSSION 
Our results show young women minimise the home preparation of their meals; demonstrate an 
uncertainty about what constitutes a meal; consume many nutritionally incomplete meals 
compromising nutrient intake of vitamins and minerals; and have their breakfast meals influencing 
food choices for later meals in the day. Of the two dietary interventions for this study only the (PE) 
set altered eating behaviour - reducing meal omissions and significantly increasing the percentage of 
nutritionally complete meals consumed. 
The young women minimised meal preparation by purchasing semi-prepared foods or frozen meals 
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from the supermarket, by selecting meals from one of the many cafes and food outlets surrounding 
the university (frequently for later reheating), by eating home-delivery pizza with study groups, or 
by socialising with alcohol and bar snacks. When young women shift the responsibility of meal 
preparation to commercial providers they consume meals containing fewer grains, vegetables and 
fruits than the home-made meals described in the diaries. This was reflected by their high intake of 
nutritionally incomplete meals and the significant increase in nutritionally complete dinners 
reported by the (PE) set who were required to prepare meals using raw ingredients (Table 20). Eck 
Clemens, Slawson and Klesges [518] investigated the impact of away-from-home meals on the diet 
quality of young women. Their study ‘demonstrates that women who report eating out a greater 
number of times per week appear to be consuming a poorer quality of diet.’ We found that a 
further impact on the nutritional quality of the meal was the splitting of purchased meals over two 
eating sessions without the inclusion of supplementary grains or vegetables in an attempt to rectify 
the nutrient reduction. University schedules along with the limited access to reheating or cooling 
facilities encourages students to bring easy to carry commercially prepared snack items to replace 
meals (Figure 42) and although nuts, dried fruits, tuna and crackers are welcome foods there is the 
loss of ‘meal’ and the balance of nutrient intake that is associated with a meal. At home, the 
students who prepared their meals from raw foods rather than using semi-prepared foods, 
preferred microwaving, steaming and stir-frying rather than the perceived more time-consuming 
methods of baking, grilling and slow cooking, used by earlier generations. However the meals 
prepared were not complex containing only one or two food groups contributing to the high intake 
of nutritionally incomplete meals. Larson et al reported the reduction in take away meals and a 
significantly increased likelihood of meeting dietary guidelines by students with food preparation 
skills [233, 519]. The (PE) set most frequently pan-fried the pork-meat provided adding grains and 
vegetables to complete the meal boosting the intake of nutritionally complete meals from 38% to 
55% of an evening. The iron supplement (IS) intervention had no impact on meal nutrient 
composition for any of the three meals unlike the pork-meat intervention (PE) where there was a 
significant increase (P<0.01) in nutritionally complete breakfasts and evening meals consumed. 
Lessons on how to cook the pork-meat were required because participant intakes prior to the study 
were limited to ham and bacon. Those with minimal cooking skills selected minced pork rather 
than fillet using it for a pasta sauce or the making of rissoles.  
The comparison of dietary data presents challenges to researchers as there are no universally 
accepted definitions for eating events. Some researchers have used the energy content of the event, 
social interaction, food quality, or the interval of time between eating to separate ‘meal’ from 
‘snack’. Energy content of the event was the crucial dimension for both de Castro [520] and Cox 
and Mela [521] who considered meals to be higher in energy than the snacks which they considered 
to be lower, empty-calorie eating experiences. However, in this century, limiting analysis to one 
dimension, such as time of day, or energy content, is crude, given the complicated snack and meal 
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continuum. Chiva, as early as 1997, drew attention to the consumer’s perspective. Consumers do 
not associate eating events with the precise unwavering researcher definition; are living with 
evolving cultural influences on their meal frequency; and are influenced by social context for meal 
choice and timing [522]. Gatenby also argues that the physiological definitions of these events are 
generally not compatible with cultural and individual perspectives on what foods and combinations 
of foods come together as either a ‘meal’ or ‘snack’ [523]. The participants in the current study 
classified an eating event as ‘meal’ according to the time at which it was consumed each day. This 
was independent of the foods consumed, the serving size or the manner of eating. However, the 
women determined eating ‘8 fries, small handful of nuts and some chocolates’ or ‘half a skim-milk 
banana smoothie’ after midday to be the lunch meal. The energy content of their late-afternoon 
snacks, such as ‘hummus, carrot, crackers and beer’, contained more energy than the lunchtime 
salads. Findings on eating frequency in this study although similar to that of Gatenby et al (i.e. 4.6 
and 4.9 times daily, respectively) only 45.7% compared to 54% of events were classified as ‘meals’ 
by the young women [524]. However Bellisle et al who had university students complete a food 
questionnaire reported 4.4 daily eating events of which as many as 64% were considered ‘meals’ 
[525]. In studies dealing with the criteria for meal definition, some researchers have used the energy 
content of the event [526], social interaction [511] food quality [527], and the interval of time 
between eating events. However, in this century, limiting analysis to one dimension, such as time of 
day, or energy content, is crude, given the complicated snack and meal continuum. Our proposition 
is that a multi-dimensional definition of meals should be provided, and that the incorporation of 
the time of day and the nutritional quality of the eating event, beyond energy, more accurately 
represents meal content. 
Breakfast is a particular concern being omitted in 11-12% of the records. This is however less than 
the reported 24-27% in European adolescent and 19% in adult studies [525, 528]; and similar to a 
much earlier Australian study by Shaw [529]. When analysing the 1995 Australian National 
Nutrition Survey (NNS), Williams raised concerns regarding the fall in breakfast consumption and 
whether this may be a permanent decline [530]. In 1995 NNS 14.9% of children were skipping 
breakfast. In 2010 these children are now young adults and with this current study reporting only 
12% of the young women not consuming breakfast there could be optimism that public health 
campaigns are being effective. However a review by Kothe and Mullan reports interventions to be 
ineffective [531]. It has been reported in studies with school children and adolescents that the 
omission of breakfast and loss of nutrient intake for the day is not compensated for by later meals 
[531, 532].  
In Australia, breakfast meals consisting of ready-to-eat fortified cereals, or baked goods are equally 
popular and by simply adding fresh fruit to the cereals, or by consuming vegetables with the 
morning toast, more than 50% of the breakfasts would provide the balance of nutrients required of 
the meal. The pork-meat intervention (PE) reduced breakfast meal omission to 2% and removed 
Chapter 5: Eating Behaviours (Study 4)    145 
meal omission for the remaining meals of the day. The provision of additional protein (500g pw) 
could be expected to increase the meals omitted however the reverse was observed. Blatt [533] 
reported when young women consumed additional protein, their energy intakes did not differ and 
their ratings of satiety were unaffected. The results suggested increasing the protein intake at one 
meal did not affect the onset of the next eating event [534]. However, this study was limited to 
intakes over a period of one day. If this behaviour holds true for our longer study, alternate 
influences on a reduction in meal omissions should be considered. It may be the dedication of the 
(PE) set to fulfil the requirements of the study and consume meals even if there was no desire to 
do so; or possibly the provision of the pork-meat reduced the financial burden of purchasing 
lunches.  
The decision to consume breakfast is followed by another equally important decision – what to eat? 
Nearly 70% of the women decided to base their breakfast around RTEC or baked goods. The 
outcome of this choice affected whether they omitted later meals or replaced them with a snack. 
Omitting later meals in the day is not desirable and contributes to the failure of young women to 
meet the dietary guidelines. The consumption of fortified RTEC for breakfast would be preferable 
despite the associated replacement of meals with snacks later in the day. Additionally, Galvin has 
reported the cereals to be associated with a lower prevalence of dietary inadequacy, in women, of 
calcium, iron and folate [535]. These observations do not account for the reduced omission of 
meals by the (PE) set. An expectation could be pork mince or sausages on toast was quick and easy 
to prepare in the morning and accounted for the introduction of breakfast for approximately 9% of 
the study set however this would be associated with omission of meals later in the day that was not 
observed. Further study into this aspect of dietary change is required. 
The relationship between researchers and participants was responsible for both the depth of the 
data and participant continuance within this demanding study. Despite being time poor, the women 
voluntarily maintained diaries during the semester, completed repeated questionnaires, were 
weighed and reweighed, and provided monthly blood samples. They were interested in the process 
and to learn more about their diets. Self-realisation of the questionable quality of their diets 
increased as they completed the diaries, and they began to formulate plans for change. Whether 
these changes took place after the completion of the study, or whether they have been maintained, 
is not known. The multiple communication modes used by researchers with the participants 
favouring text messages followed by emails, was one of the strengths of the study. Lastly, the 
decision to opt for descriptive, non-measured food records, appealed to these women and we 
believe that this factor reduced any sensitivity surrounding energy intakes and helped to elicit 
comprehensive reporting. Initially, there was researcher concern that the diaries may only include 
what the students felt comfortable about revealing to a dietitian. We hold that this concern was 
minimised through three approaches. Firstly, being predominantly students who were completing 
higher level studies, the participants understood the obligation for accuracy and the futility of 
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fabricated records. Secondly, the women were acting the role of research collaborators, and thirdly, 
the uncensored recording of their food intakes. Students included details of blatantly poor dietary 
choices, including multiple omitted meals, in their diaries. They also referred to high celebratory 
food intakes, regular intakes of alcohol that were commonly double those recommended for 
healthy living, and snack foods replacing meals. The diaries showed that the students had but a 
limited understanding of traditional meal constituents and the essential interplay of nutrients to 
meet the body’s nutrient demands.  
For this generation of women we propose a multi-dimensional definition of meals is required with 
the incorporation of the time of day and the nutritional quality of the eating event, beyond energy, 
will more accurately represent meal content. The meal is a central construct with multiple 
dimensions however the dimensions examining the social context of meals and snacks have not 
been part of this research. 
Conclusion 
This study reports a methodology that engages young women and produces insight into their meal 
patterning, food selection and nutrient intakes, enabling the emergence of potentially new 
directions for nutrition educators. Until now there has been minimal analysis of the eating patterns 
and behaviours of women of reproductive age. Restaurant or café dining and effortless reheat 
technologies are emerging as the new kitchen essentials in this population. Their non-familiarity 
with the components of a nutritionally adequate meal, their university timetables and choices for 
breakfast all adversely influence eating behaviours and nutrient intake. The inclusion of pork-meat, 
with the necessity to buy ingredients, prepare and cook a meal: reduced the number of omitted 
meals thereby increasing nutrient intake; increased the number of nutritionally complete meals 
consumed; and reduced snack food consumption for the lunch and dinner meals. These 
‘Generation Y’ women are noted for complexities and impulsiveness [508] in their lifestyles and yet 
they varied the format of their meals little. This suggests if a healthy eating pattern were introduced 
continuance with the new behaviour would continue once established.  
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C H A P T E R  6 :  
 
D I E T A R Y  I N F L U E N C E S  
( S T U D Y  5 )  
INTERPLAY OF FORCES 
INTRODUCTION 
Studies continue to report populations are not meeting their dietary guidelines despite nutrition 
campaigns [536-538]. With this in mind our concern is the reported inadequate iron intakes of 
women in their reproductive years [181, 488]. The AGHE recommendations [208] have been 
advising the consumption of three to four red meat serves per week or equivalent high iron-
containing alternate sources. McArthur reports this has not been achieved by these young women 
despite their demonstrated knowledge of the guidelines. In the RCT none of the female tertiary 
students in the control group consumed the recommended meat (or alternative) servings during the 
12 week trial [539].  
As the incidence of iron deficiency rises, nutrition educators would benefit from knowing the 
positive and negative forces influencing the iron intakes and general eating behaviours of women in 
their reproductive years. Looker in 1997 reported 11% of women in their reproductive years in the 
US were iron deficient [57]. In the same year, in Australia, Rangan [99] reported 7.2% for female 
students 15-30 years deficient. Later (2001) Heath in New Zealand [403] determined 23% to be 
deficient and McArthur and Samman (2009) in Australia reported nearly 60% not consuming the 
recommended daily intake (RDI) for iron and 26% were iron deficient [539]. Heath et al in another 
study [362] and Patterson et al [179] have shown an intensive dietary program with high iron 
containing foods improves iron status. 
The reported rise and fall of vegetarianism among women since the 1990s [206] could be an 
influence that requires more attention as studies are mixed whether there is a difference in iron 
status between omnivores and vegetarians [181, 540]. Studies identifying influences behind eating 
behaviours (but not specifically iron intakes) have focused on children, adolescents and the elderly 
[129, 221, 224-229]. Children respond to parenting practices, in particular the use of food as a 
reward or treat; energy density of foods; genetic predisposition; and advertising. During 
adolescence food cravings, hunger, appeal of food, convenience of food, time available, parental 
influences on behaviours, mood, body image, habit and media add to the list [230]. Their lack of 
urgency about personal health was a barrier to dairy, fruit and vegetable consumption. McArthur 
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reported dairy, fruit and vegetable consumption also poor in young women [539, 541]. However, 
despite anticipating a similar influence as Neumark-Sztainer [230], the influence responsible is 
unknown for young women. Which of these childhood and adolescent influences continue through 
emerging adulthood is unidentified; and whether additional forces impact on young women and 
their consumption of iron. The continued poor iron status of women worldwide [542] suggests 
attention to identifying and modifying influential forces is warranted. However the few studies 
focused on young women have been generally concerned with the influence of impulsiveness, 
exercise and take away foods in the development of obesity or eating disorders [543-545].  
Caraher (1999) however has reported on the attainment of cooking skills - 89.2% of women learn 
some cooking skills from the mother or grandmother; nearly 50% from cooking classes; and 25% 
from cookery books [231]. At that time pre-prepared foods were less, microwave technology was 
relatively new in Australia and google had just launched. Has the influential nature of mother and 
grandmother continued?  
We aimed in this study to explain the familial and environmental forces that affected the iron 
consumption of young women today which was best approached using in depth face-to-face 
interviews within case study methodology [546]. Three generations of women were interviewed 
with our focus being the youngest generation to ascertain familial and environmental forces that 
impact on the iron intakes of female tertiary students. Despite research reporting trials to 
investigate and determine treatments to correct the poor iron status of women in their reproductive 
years, cases are increasing [6, 15]. Interviewing women in the context of their homes which allows 
observation and clarification of phenomenon raised during discussions may provide insight into the 
why and how this continues. The alternate is surveying women which would allow responses from 
larger numbers but this would be at the loss of context, clarifications and the opportunity to follow 
through with surprising responses which may be lost with the asking of standardised questions 
[547].  
 
Research questions 
1. How nutrient knowledge (iron) and food availability affect dietary decision making by 
women? 
2. What are the natures, relative direction and strengths of the forces influencing dietary 
iron consumption by young female tertiary students? 
3. How familial and environmental forces affect the eating behaviours of young female 
tertiary students’ decisions in particular concerning their iron intakes? 
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STUDY AIM 
This study aims to identify and explain the familial and environmental forces that affect iron 
consumption by young female tertiary students; specifically the transfer and translation of nutrition 
knowledge, eating behaviours and attitudes to foods.  
Ethics approval 
All aspects of the study were approved by the University of Sydney Human Ethics Review 
Committee with written, informed consent obtained from all volunteers and the explanation of 
privacy, confidentiality and anonymity protocols to the volunteers prior to their participation in the 
study.  
METHODOLOGICAL FRAMEWORK 
Researchers ontology8, epistemology9 and theoretical perspective 
The researcher brings to this study their belief in multiple realities, which are viewed as personal 
opinions, with language determining the particular possibility presented at any interaction. More 
precisely, this researcher has a constructivist10 perspective embedded in a relativist1 ontology and a 
subjectivist2 epistemology.  
The researcher and the interviewee co-created understanding of the interview exchange avoiding 
the more familiar researcher – researched interview relationship. Both the researcher and each case 
i.e. grandmother (G), mother (M) and daughter (D) within a family case (FC) were active in the 
construction of the interview content with dynamic, purposeful shaping of stories and experiences 
on the part of the interviewee. During the course of each interview and before closing, a summary 
of the interview revelations was assembled and discussed. Attention was not limited to what was 
said by the individual cases but extended to how the joint meaning-making process unfolded.  
  
                                                     
8 Ontology - researcher beliefs concerning the nature of reality. A relativist ontology is when the researcher’s 
belief is such that reality is determined by our language or conceptual scheme [548]. 
9 Epistemology – the study of the nature of knowledge and justification. Subjectivist epistemology is when 
the researcher believes that whatever one claims to be the case, is really only personal opinion [548] 
10 Constructivists study the multiple realities assembled by the interviewees and the implications of those 
constructions for the interviewees’ lives and others with whom they interact [548]. 
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Food and health beliefs held by the researcher were:  
o the daily consumption of three nutritionally complete meals11 was essential for nutritional 
health;  
o  understanding the role of food and its health impact both now and as we age is important 
for decision-making; and  
o eating practices associated with poor health result from a limited understanding of the 
relationships between food, nutritional well-being and good health.  
The interviewees had no existing relationship with the researcher however they had demonstrated 
interest in the nutritional health of young women sufficient to volunteer for interviews about their 
own eating practices by a doctoral student who would interview them in their own homes and 
publish the findings. The female researcher, in her mid-fifties, was science-trained with a degree in 
nutrition and dietetics preceding many years’ experience with in-depth interviewing and quantitative 
research methodologies.  
METHOD 
Research strategy 
Using a case study research strategy [549], embedded and layered cases of women who lived within 
the Sydney environs were examined through interview and their stories recorded. Interpretative, 
descriptive qualitative cross-case comparisons were made to explain the strength and interplay of 
familial and environmental forces on the eating behaviours of the female tertiary students 20-25 
years.  
The case study defined 
The case study focus is the contemporary phenomenon of the rising poor iron status of women in 
their early to mid-twenties in Australia, specifically those who are undertaking tertiary studies. The 
case study consisted of multiple cases, both layered and embedded - three types of individual cases 
(grandmother, mother and daughter) within each of the four family cases; and four individual cases 
within each generation (generational case). Individual cases (M) and (G) reflected on behaviours 
and contexts when they were young women of 20-25 years and observations of eating behaviours 
                                                     
11 A nutritionally complete meal was defined in Chapter 5, Figure 39 of this thesis, Briefly, this meal included 
at least one serving each of animal, plant and grain foods. 
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of the youngest generation (D) in their interviews. 
Individual cases (D) were aged between 20 and 25 years and discussed their current eating 
behaviours and influences. Findings from the interviews were supported by historical documents 
and interviews with food and nutrition professionals. Figure 44 deconstructs the case study 
identifying the cases, the relationships between these cases and data sources beyond the interviews 
(and observations). The foci of the study are the influences (real or perceived) on the youngest 
generation (D). 
Participants 
  
GENERATION G 
(b 1920s - 40s) 
GENERATION M 
(b 1950s - 70s) 
GENERATION D 
(b1980s - 90s) 
FC 1 
G1 
M1 
D1 
FC 2 
G2 
M2 
D2 
FC 3 
G3 
M3 
D3 
FC 4 
G4 . 
M4 
D4 
REVIEW OF 
HISTORICAL 
DOCUMENTS 
INTERVIEWS 
WITH FOOD & 
NUTRITION 
PROFESSIONALS 
Individual cases –  
(G) grandmother;  (M) mother;  (D) daughter 
Generational cases  
(GC)  
Family cases  
(FC)  
Figure 44: The case study deconstructed showing the relationships between data 
sources. 
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Method of Approach  
As participants had no pre-existing relationship with the researcher – not RCT participants - 
advertising posters and postcards were designed and placed in well-considered location because it 
was unknown which family member (G, M or D) may instigate study participation. Community and 
library noticeboards were selected for the flyers; and counters at pharmacies and hairdressers for 
the postcards. Suburban library locations (8), community noticeboards (8), pharmacies (8) and 
hairdressing salons (8) were randomly selected from the north, south, east and west regions of 
Sydney. Student noticeboards at the University of Sydney in the food halls (3), sports centres (2) 
and libraries (2); and staff noticeboards (4) displayed flyers. Following contact with the interviewer, 
an information package was either posted or emailed to the enquirer. 
Sampling 
There was purposive12 sampling with information-rich family cases selected for in-depth study. 
Criteria for inclusion were established that were specific for each generation (G, M and D) within 
the family case (Figure 45). The introductory questionnaire that was sent to interested study 
volunteers was used to identify eligible family cases. The inclusion criteria confirmed families were 
using the Australian food supply when they were in their twenties and that the youngest generation 
was currently enrolled in tertiary studies. It was anticipated the interviewing of 3-5 family cases 
should provide sufficient data [550, 551]. As each family case comprised 3 individual cases (G, M, 
D); between 9 and 15 individual cases were to be interviewed spanning the three generations. 
Cultural backgrounds or longevity of Australian residence of male spouses did not influence case 
selection. 
Data collection 
Overview 
Cases were interviewed and each provided a combination of observations, reflections and direct 
reporting of behaviour and knowledge base. In Figure 46 the data collected has been grouped by 
generation with the data provider eg interviewee, document and the data source eg interview, field 
notes, identified. There was an interview plan to assist the process. 
  
                                                     
12 Or non-probability sampling selects a wide range of cases to get variation or a case because it is extreme 
(deviant), typical or novel. 
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Criterion Grandmother (G) Mother (M) Daughter (D) 
RESIDENCY 
Either born in 
Australia or 
immigrated to 
Australia before their 
eldest child 
commenced schooling 
(kindergarten) 
Immigrated to 
Australia prior to 
school-age or born in 
Australia 
Born in Australia 
 
All cases (G, M, D) to be currently living within the greater Sydney 
environs and not living in an institutional setting or fully-catered 
accommodation. 
COMMUNICATION 
English language 
If English is a second 
language, fluency 
sufficient to 
communicate with 
food vendors and read 
popular press within 
12 months of arrival. 
English language English language 
 Clear and readily understood verbal communication. 
EDUCATION   Tertiary student 20 - 25 years 
HEALTH Free from any mental illness that could impact on decision making; or diagnosed nutritional disorder directing eating behaviours. 
DIET Vegetarianism was an exclusion criterion if practiced to fulfil a religious belief 
  
Figure 45: Inclusion criteria for family cases 
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Interviews 
CASE INTERVIEWS 
Each case was interviewed on a single occasion for approximately 60 minutes in their family home, 
or if requested an alternate location. Scheduling enabled the interviews associated with each family 
case (eg G1, M1 and D1) to be completed before interviewing members of the next family case. To 
assist the interviewer track and process interview data, and the relationship between family 
DATA COLLECTION 
 DATA SOURCE ACTIVITY 
IN
D
IV
ID
U
A
L 
CA
SE
S 
 
eating behaviours and 
dietary influences of each 
individual case  
 
 
researcher and the 
participant co-created 
understanding behaviours 
and influences 
 
 
individual case 
interview  
 
 
eating behaviours of other 
members of the FC  
 
 
observations and 
reflections by interviewee  
 
demonstrated interest in 
food and food 
preparation  
 
 
researcher observation and 
interview content  
observations by other FC 
members 
 
researcher field 
notes and 
individual case 
interview  
 
FA
M
IL
Y
 C
A
SE
S  influences, differences 
and similarities of eating 
behaviours within the 
family  
 
 
researcher observation, 
interviewee reflection and 
interview content 
 
 
researcher field 
notes and 
individual case 
interview  
 
 
G
E
N
E
RA
TI
O
N
A
L 
CA
SE
S 
 
environmental influences 
on eating behaviours  
 
 
researcher and the 
participant co-created 
understanding 
 
historical records  
individual case 
interviews 
expert and elite 
interviews 
 
 
food availability and social 
convention 
 
 
researcher investigation  
interviewee reflection and 
interview content 
    
Figure 46: Data, providers and sources for the case study 
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members the sequence of interviews within each family were first, the eldest generation and last the 
youngest. The interviews were digitally recorded using a micro Sony MP3 digital recorder and were 
professionally transcribed by Outscribe Australian Transcription Services 
(www.outscribetranscription.com.au); checked by the researcher and then coded. 
During each case interview the participant and researcher discussed the participant’s eating 
behaviours, food preferences and their understanding of the forces that influenced these actions at 
age 20-25 years. For both (G) and (M) cases this required the interviewee to recall and reflect on 
their behaviours when this age. The youngest generation is currently living within this age range. As 
part of the interview, cases made comment on the intakes and behaviours they have observed of 
the other family members.  
The researcher noted the importance of food preparation, presence and use of kitchen appliances 
and recipe books in each home, especially for the youngest generation, and used this as an indicator 
of interest in food and health. Each interview was over morning or afternoon tea, provided by the 
interviewee, which was another indicator of the case’s interest, familiarity and confidence with food 
preparation. All researcher observations were recorded in the researcher field notes immediately 
following each interview. Towards the close of the interview the participant and the researcher 
collectively summarised the findings of the interview and identified what they believed to be the 
key influences on their food related behaviours [547]. This summary was within the transcribed 
interview. Each family case was given the opportunity to meet and discuss the findings before 
publication. 
EXPERT13 INTERVIEWS 
Two home economists who qualified in the 1960s and have been prominent in the field since were 
responsible for 8 revisions of the Commonsense Cookery Book [553]. They were interviewed 
jointly. They discussed the role and influence of this text on student performance over the decades; 
their reasons for the success and longevity of this book; and their professional opinions concerning 
the eating behaviours of young women. The interview was digitally recorded and professionally 
transcribed similar to the case interviews.  
A well respected nutrition academic and researcher was interviewed at the university to ascertain 
their expert view on the eating behaviours of young women today. The interview was digitally 
recorded and professionally transcribed similar to the case interviews.  
  
                                                     
13  Interviewees who have expertise on a certain subject such as micronutrients and women or eating 
behaviours 
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Historical documents 
WEBSITES [554, 555], NEWSPAPERS [556], GOVERNMENT REPORTS [557] AND TEXTS 
[558-561] 
Internet and paper resources were screened to compile a food history timeline for food events, new 
technologies, regulations and products that would contribute to the prevailing environment for 
each of the three generations. The constructed table highlighted major food related events that 
affected residents of Sydney and impacted on the food supply as well as food resources available 
for all three generations at age 20-25 years.  
CONSTANTS: RESOURCES AVAILABLE FOR ALL GENERATIONS 
The Commonsense Cookery Book (CSCB) 1914 – 2014 [553] 
This cookery book was designed for domestic science classrooms in NSW in 1914. It has been in 
schools until the late 1980s and then retail shelves continuously since with the centenary edition 
having been released in 2014. Regular revisions of this book kept recipe content contemporary. 
This included the addition of new sections by the home economists charged with revisions. The 
contents lists (of available editions) were reviewed specifically identifying changes that were 
reflective of changing eating behaviours and meal composition that could affect iron intakes. 
Australian Women’s Weekly (AWW) 1933 – 2014 [562, 563] 
(a) AWW magazine 1933 – 1982 (print);  
(b) AWW Cook Books 1982 – 2014 (print); and 
(c) AWW magazines and recipes 2002 – 2014 (website, social media)  
A sample of 9 January editions of the AWW magazine, three from each the 1960s, 1980s and 2000s 
were selected from those editions electronically archived through Trove at the National Library of 
Australia [558] and archived print copies from 2000s. Each of the editions were reviewed 
determining the quantity and style of food editorial, food related advertisements, the placement of 
these in each edition and then tabulated for comparison between the three generations in the case 
study. These periods were selected as the participants would be 20-25 years at the time they went to 
print. In 1982 the first of the AWW cookery books were on sale and these marked a significant 
increase in recipes and food skill instruction for AWW. From 2000s the youngest generation (D) 
had access to monthly editions of the AWW magazine, excerpts of AWW magazine through the 
internet; the AWW Cook Books, and online recipes. Data were collected to determine the changing 
influence of this resource that has a readership in 2014 of 2.3 million (print) and 21 million page 
views / month [564].  
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Data management and analysis 
Management 
The conversation with each case, although travelling along a path sequenced by the participant, was 
semi-structured with required data known. The interview plan14 was structured as a checklist to 
ensure necessary data were sourced from each exchange. Interview audio files, transcripts, 
researcher notes, memos and participant photographs were stored on a password protected stand-
alone personal computer within the NVivo 11 data management program (QSR International Pty 
Ltd, 2012). All digital files were deleted from the recording device and camera after transfer. 
Analysis 
To check the integrity and reliability of inferences drawn from the data; and reduce sole researcher 
bias, data were examined from more than one vantage point i.e. transcripts; observations by other 
members of the family; nutrition professionals and researcher observations; and historical 
documentation [565]. The researcher adhered to the protocols reported in the method’s section, to 
restrain personal judgement and maintain objectivity. As the forces affecting the eating behaviours 
of young women undertaking tertiary studies were the primary concern of this case study, all data 
collected were interpreted from the student context.  
Figure 47 demonstrates the cyclic process of analysis over the lifecycle of the case interviews. 
Although data collection and data analysis are only presented for two of the FC diagrammatically, 
the process continues for all four family cases. Data collected from the initial case interview (G) 
within each family case (FC1 – FC4) was broadly coded and provisionally analysed before the 
second interview (M) proceeded. In turn this interview was coded and provisionally analysed before 
case (D) was interviewed and coded. Following this sequence of interviews (G, M then D) clarified 
the new data being collected. This cyclic process enabled necessary modification to any interview 
questions as soon as data gaps were identified.  
All interviews and researcher observations underwent open15, axial16 and selective17 coding using 
the qualitative data analysis software, NVivo 11 (QSR International Pty Ltd, 2012). Cross-case 
comparisons were made within generations (eg D1-D4); between family cases and between 
                                                     
14  Approved by the University of Sydney Human Ethics Review Committee 
15  Broad coding (segmenting the data) of each interview by hand -recorded in the margins of the documents 
16  The coding is reworked with the development of sub-categories, the reassessment of similar subcategories 
and identifying the dominant and minor elements. 
17  Selection coding is the making of connections between the fragmented data and reassembling the original 
with the new links. 
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generations noting similarities and differences in order to chart the familial and environmental 
forces, their sustainability through the generations and the relative impact of each. Case interview 
contents were cross-checked with findings from documents, websites and expert interviews. 
To determine the relative strength of identified forces influencing actions by each of the daughters,  
1. the frequency of their reference to the influence during the interview was noted;  
2. influences both the grandmother and mother made reference to concerning their 
daughters (and not opinions on the generation) were noted; and 
3. the researcher determined influences in the written field journal were noted.  
These were combined with the most influential forces being those where the frequency was high 
and both family members and the researcher had made reference. Forces may not be uni- 
directional making the discernment of positive and negative influences and their relative strength 
problematic. Should the complexity of this task throw doubt on the reliability of the findings we 
will use an approach derived from Green and Kreuter [566] and Booth et al [567] to calculate the 
changeability of the identified influences. 
 
The influences on each of the (D) generation, using NVivo 11 formed a coding tree then, using the 
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Figure 47: The cyclic process of data collection, analysis and cross comparisons between (FC) 
and generation (D) 
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combined judgement of the interviewer and two colleagues, the impact of each influence on the 
eating behaviour of this generation was determined. A 3-point scale was used (1 = low, 2 = medium, 
3=high). Then the changeability of the influence was coded on a 3-point scale (1 =difficult, 2 
=medium, 3 =easy). A high changeability score meant that it was possible to change the influence in a 
healthful direction. The product of impact  x  changeability was a useful guide regarding influences to 
target in the short and longer term. 
OUTCOMES 
Case characteristics 
There were four family cases with one having two daughters – a total of 13 cases interviewed. 
Table 21 introduces each of the cases at age 20-25 years highlighting their similarities and 
differences - grouped by lifestyle, home, education and salaried work. All the grandmothers and 
mothers by this age were married with 2-4 young children whereas the youngest generation (D) 
women were single with no children. Only one of the five young women lived outside the family 
home (with fellow students) and in (FC2), all three generations shared the one home (the 
grandmother’s residence). The younger generations were not exposed to the home vegetable 
garden, fruit trees (lemons and oranges primarily) nor the availability of home-reared poultry.  
Except for one mother completing a pharmacy degree, all daughters were the first generation to 
undertake tertiary studies in their families. The number of cases studying domestic science (or 
equivalent as there were changes to both the name and focus of this secondary unit of study 
through the generations) lessened. Between grandmothers and daughters there was the loss of 
compulsory food literacy and nutrition with some secondary schools no longer having nutrition as 
a core component of food technology. Another loss was the availability of free cookery classes out 
of work hours. The Electricity and Gas corporations employed home economists to develop 
recipes and provide cookery instruction which ceased in the late 1970s and were replaced by 
courses for profit through educational institutions such as Technical and Further Education 
(TAFE) and community colleges. 
(FC4) has two daughters in the study (D4a and D4b) with one a distance education part-time 
student and the other full time. (M4) is the only case that has never entered the salaried workforce 
having a career of household management. The oldest generation ceased salaried work once 
married (mean age 22.5 years).  
The participant names used in this document are fictitional. All participants were born in Australia 
with G1 being fourth generation Australian born; G2 was first generation Australian (British 
decent); G3 and G4 were second generation Australian from European decent All grandfathers 
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were second or third generation Australian. 
                         CHARACTERISTICS AT 20-25 YEARS 
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Table 21: Self-reported characteristics when aged 20-25 years 
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Generation D cases 
This was the generation of the study’s focus. The cases were compared after coding each of the 
interviews; the observations, concerning the youngest generation, made by other generations; and 
researcher observations. Summary results follow. 
Dietary iron knowledge 
All daughters remembered lessons in science, food technology or physical education classes while 
at either secondary school or university covering iron. Some could not remember learning why it 
was important for them to consume iron containing foods. Only Sarah independently sought 
further information (after diagnosis of iron deficiency). All commented “mum explained a lot”. 
Both older generations were aware iron sources were not limited to red meat but were uncertain 
which vegetables contained iron. However only one of the daughters (Sarah), was aware of the 
vegetables containing iron and the bioavailability concern with vegetable sources.  
 
“Iron’s important for the energy level, it’s important for the 
development of blood cells. If you don’t get enough iron, if your 
body is not absorbing enough iron, vitamin C helps with the 
absorption of iron. It’s really, really important.”  (Sarah) 
 
Sarah’s mother was a pharmacist and had some knowledge regarding vegetable sources but more so 
iron supplement options. Natalie who was generally disinterested in food paid less attention to the 
school and home lessons… 
 
“…was aware it was in red meat, but not vegetables, which “I learnt 
at school and mum. She keeps telling me that’s why I am tired … 
I don’t eat vegetables so wouldn’t have paid attention to mum 
when she told me …things that are not important to me I forget…” 
(Natalie) 
 
Ashleigh’s mum had looked up the vegetable sources as her daughter disliked meats and 
encouraged her to eat a range of vegetables for general health reasons not specifically due to their 
iron content. Bekky knew it was in red meat but did not know why it was important. 
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Impact of this knowledge on behaviours 
None of the generations believed knowledge had an impact on the eating, purchasing or meal 
preparation behaviours of the youngest generation. 
Sarah is iron deficient and actively checks she has eaten iron containing foods each day although 
both her mother and doctor encourage iron supplements. Sarah forgets to take these so places her 
faith in her diet. 
 
“I look at what I’m eating … like I do think about what I eat, and 
I’m like, mm, tired, I’ll have a hamburger. That’s – for example, I’ll 
make sure that I eat more of iron when I get my period, because 
you’ve got to watch out for that …”   (Sarah)  
 
Ashleigh, is predominantly vegetarian in her food selections, mistakes protein needs with iron 
needs but is aware capsicum contains vitamin C which will help the bioavailability of the iron from 
vegetables. She assures the researcher she is having at least 5 vegetable serves per day and has 
capsicum at every meal except breakfast. Nikki believes she should be eating more iron than she 
does now but hates the taste of red meat. She takes no action to increase her iron intake from other 
sources or take a supplement; preferring chicken breast, minimal vegetables, toast for breakfast and 
decadent cream-based desserts. She has not had her iron levels tested but studies in her university 
course the impact of iron deficiency for athletes. Her sister who studied food technology at school 
also dislikes the taste of red meat unless in “mum’s casserole”. Asked if her iron knowledge had 
any impact on the choice of foods she chooses to eat, she replied 
 
“…no, not really … I’ll cook it (for others) but usually won’t eat 
it”.  (Bekky) 
Effort to find out more about iron 
Sarah and Bekky searched google and Facebook for further information on iron (Sarah) or 
generally (Bekky). Sarah applied her university research skills to the search … 
 
“…So I Google it, and I think, I’d be like, oh, where is this coming 
from?  And then you find it, and then you read the article, and 
you’re like, hang on, that was like five people they found that in, 
that’s not powerful source.”    (Sarah) 
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“ … or Facebook Yeah I generally read a few just to make sure 
they’re all lining up the same. Just to make sure….”   (Bekky) 
 
The other students had not considered finding out more on iron either because the doctor said 
“their levels were OK”, they felt well or “I trust mum”. 
 
The link between diet and health 
Natalie associated her general ill health could be due to her poor diet, supported by both mother 
and grandmother concern. She went and organised blood tests similar to Sarah.  
 
“ … the (Hb) tests  … not anaemic and doctor said levels OK. So 
it is not important to change my eating”    (Natalie) 
 
Sarah and her mother believe the way she has approached her diet will ensure a healthy lifestyle. At 
the same time Sarah “would rather have a hamburger than a salad sandwich” (or iron supplements). 
The need to consume more iron containing foods is not an inconvenience to her and armed with 
access to Google, and a variety of phone apps, shops with her mother investigating the health 
benefits of items in her mum’s (and her) trolley.  
Gail, Ashleigh’s mother ensures there are appropriate options for her daughter to consume 
sufficient food, vitamins and minerals for her to be healthy but her daughter will not eat meats 
unless cut paper thin and well-disguised. She does not like the taste and can envision the animal 
when she is eating. “I really like animals.” Ashleigh is happiest when others make her meals and 
she is only focusing on the taste. She will eat better when she has children “…(because) it’s 
natural when you are a mum and dad.”. Mother tries to be creative and incorporate red meat 
into evening meals because she knows her iron intakes should be higher. 
 
Expressed triggers for behaviour change 
SENSORY ATTRIBUTES OF RED MEAT 
If red meat could be made more visually appealing, flavour enhanced and a less rigid texture the 
unwilling red meat consumers would be prepared to eat more of this iron source. This was not 
restricted to GENERATION D. Spaghetti bolognaise and soft, slow-cooked one pot dishes were 
preferable to steak. Only one family (FC2) enjoyed consuming steaks and other butcher’s cuts. The 
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others disliked seeing anything less than well done when cooked. Red meat was considered edible 
when slow cooked as it was moist, “cooked through, flavoured and not bloody”. This was 
important for the two sisters Nikki and Beccy, their mother and grandmother; and Natalie.  
MUM’S INFLUENCE 
In fact mothers and grandmothers who preferred white meats would elect to cook these for their 
daughters and in turn this became the more familiar and preferred protein source for the daughters. 
Red meat dinners are limited to one pot slow cooked meals.  
 
“   ‘cause mum cooks all the feeds, so if she doesn’t like it, she’s 
not going to cook it for us.”  ....(Nikki) 
“And you eat it all when it comes?....(researcher)  
“Except for peas”… (Nikki and researcher) 
 
Nikki was asked how she would decide what was best to feed her children. Here her mother’s 
preferences are combined and her own dislikes possibly further limiting the nutritional intake of the 
next generation. 
 
“I’ll probably do the way Mum did it, like make sure they have 
their meats (chicken) and they have their veggies and stuff like 
that. I’d just make sure that they eat it. … I wouldn’t make them 
eat peas.”     (Nikki) 
 
Natalie was the only daughter not living at home with her parents and enjoyed the freedom of not 
limiting treats to Friday nights – “McDonalds was possible every night!” This happened at first 
but then realisation of the financial (not health) burden reverted behaviour to “mum’s rules”. 
Bekky and her mother, Wendy together source recipes from magazines and the supermarket 
displays, pasting them into their family recipe book. The recipe photo must appeal to them, the 
recipe steps must be uncomplicated and brief, the dish is mainly chicken based or casserole style 
but the desserts can be complex. “the main meal you just want to get done and get out of the 
way. All the fun is in the dessert”. 
 
“I believe mum when she says we will like the dish and it is good 
for us.” …(Bekky) 
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Sarah was in praise of her mother’s support. 
 
“Mum’s a great influence … my friends, we work together, mum 
is the coach on the sideline going, “Keep going, you’re awesome. 
You can get there.” .(Sarah) 
 
RESPECT COMBINED WITH POSITION OF INFLUENCE 
All daughters were respectful of the efforts others made with meal preparation. The mothers of 
boyfriends could prepare meals of lamb and mince whereas mothers, after their children reached 
adulthood, prepared meals that did not challenge daughters. 
 
“I was meeting my boyfriend’s mum for the first time and she 
cooked it. A lamb dinner and I was like, oh, my God, I have to eat 
that … and so I ate it and actually I really liked it. It would be 
rude … meeting someone and not eating their dinner. Like I, if I 
went to someone else’s house for dinner I’d be like I’ve always been 
taught  … how I’ve been brought up. You don’t say I don’t like that. 
… Oh mum and dad, yeah, they always cook a dinner but they’ll 
always cook what I want. They won’t cook a baked dinner – ‘Nat’s 
coming over for dinner, we’ll make sure we cook something she 
likes’… Because it’s my mum and dad I don’t have to, I’m like, 
no, I don’t have to (eat it)”   (Natalie) 
 
Nikki always eats red meat at her boyfriend’s house as his mother only cooks Italian with a mince 
based sauces. Once Natalie’s boyfriend “moved in” and he ate and lived “healthily” she started 
going to the gym with him and eating often at his mother’s home. Lamb and Italian meals have 
been added to Natalie’s and Nikki’s food intakes respectively as they do not wish to offend. They 
are beginning to enjoy these meals. 
In contrast to the willingness to try red meats for the mothers of boyfriends, mothers are expected 
to prepare known likes of their daughters. Mothers and grandmothers have finished having battles 
at the dinner table now that they are adults “the wasted food and arguments is not worth it. 
When Nat is home I cook her favourites” (Nareen). For two of the families the grandmother’s 
and mother’s resolve to only cook and serve foods the daughter would eat started while they were 
still children and adolescents. 
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MEDIA 
Television advertisements focusing on iron, fruit and vegetables and pork could be recalled by half 
of the daughters but details of the nutritional messages in these ads could not be recalled. All 
students except Nikki claimed to rarely watch the advertisements. Nikki was patient with them 
because she “wanted to know what was next (on the TV)” but couldn’t recall any iron promotions. 
Sarah recalled the bus shelter posters but these were focused on the “swap it” campaign. She did 
remember the “monkey ad with the annoying tune about high iron” being on Google.  
FRIENDS 
None of Natalie’s, Sarah’s, Ashleigh’s, Nikki’s or Beth’s friends challenge their choices of foods 
when they are dining out. Sarah believed her friends respect her right to make her own decisions 
even if they are not the same as theirs. Sarah was interested in food, being healthy and increasing 
her iron levels. She associated with friends that were supportive of each other. Ashleigh’s friends 
gather for evening meals at least once a week – usually having stir-fry at Thai restaurants or meet at 
the pub. However they do not necessarily choose restaurants with vegetarian options, (preferable 
for Ashleigh) and to accommodate she will get the chef to just omit the meat from the dish. She 
doesn’t concern with requesting a protein or iron replacement i.e. pulses or tofu. She finds it more 
enjoyable have individual meals rather than tapas as “you need to compromise on what you will be 
eating”. 
DISPOSABLE INCOME 
None of the daughters shared a meal with their friends in their homes unlike their mothers and 
grandmothers. Restaurant options and funds were limited so socialising with friends was home-
based. Living with their parents was not stated as the reason. Having either part-time work or 
casual income they believe allows them to spend quality time with their friends rather than 
spending time in the kitchen cooking and by doing this they can each have a meal they will enjoy. 
Natalie, living away from home, has to pay rent. The remaining students do tasks around the home 
and although they do not pay rent to their parents, they are responsible for their consumable 
university expenses. 
Researcher observations concerning demonstrated interest in food 
Only Natalie was living separate to parents with her residence, typical of a shared student flat, was 
minimally furnished and had the kitchen basics, empty refrigerator, plastic bags and containers with 
the owner’s name clearly branded. A kettle was the only visible appliance. Natalie showed little 
interest in food preparation and owned one cookbook given to her by her mother. It was in the 
kitchen. All the parental homes had kitchens centrally located, well stocked pantries, fruit bowls on 
the bench, home-made cake or biscuits on plates on the table, ready for our interview, and 
cookbooks on the shelf containing 4 or 5 well-used cook books, a collection of favoured recipes 
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(Bekky and Wendy) or the almost entire series of the AWW cooking books. Appliances on the 
benches varied but included bread makers, Sunbeam Mixmasters, and slow cookers. 
Strength and direction of influences 
There were 35 influences referred to in the interviews. These were grouped and the frequency of 
the forces (either positive or negative for iron intakes) was tabulated and the groupings with the 
highest frequencies have been presented in Figure 48. The external influences on the daughter’s 
iron intakes have been sized and coloured in keeping with the frequencies reported and no other 
measures. Where the influences share a border with another in the figure there is an interchange of 
influence. Evident in every interview were “self (daughter)”, “choice” and “mother”.  
“Choice” has embedded within: disposable income, freedom of responsibilities associated with  
 
 
parenthood (unlike their mothers and grandmothers), food availability and access to an 
international marketplace and sensory preferences. “Mother” embodies food and flavour likes and 
dislikes, interest in food, cooking skills; knowledge of iron and its role in women’s health, parenting 
skills and social convention. “Friends” ranged from being supportive to non-judgemental to 
ignoring dietary needs of others. The “doctor” entered the interviews when some daughters had 
commented on the responses they received and their actions after testing their iron levels. 
“Grandmother” was an echo of the mother’s influence with no conflicting beliefs brought to the 
interviews. 
  
Figure 48: Most frequent forces influencing the dietary iron intake 
of generation D 
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Our intention to identify the strength of the positive and negative forces acting on the eating 
behaviours (iron intakes) of these women in their reproductive years could not be achieved with 
sufficient reliability due to the complexity of the opposing forces acting simultaneously. 
Accordingly, as outlined in the Methods Section the ease of modification of influences were 
calculated and those changes with high to moderate impact identified  
The complete listing of the 35 influences identified and calculations determining impact and 
changeability of the influence are in Table 22. 
 
CONTINUED OVER PAGE 
  
INFLUENCES 
from coding tree impact x flexibilty changeability
(source of)knowledge of iron 3 1 3
applying iron knowledge to diet 2.5 3 7.5
attitude to health 2 2 4
having children 2.5 1 2.5
interest in food and food skills 1.5 1 1.5
knowledge of iron 1 3 3
known iron status 1.5 3 4.5
living arrangements 1.5 1 1.5
low iron status 2.5 1 2.5
iron knowledge 1.5 3 4.5
iron metabolism, why important women 3 3 9
public health resource format 2 3 6
availability 3 3 9
café options 2.5 1 2.5
intenational menus 2 1 2
pub options 2 1 2
restaurant options 2 1 2
sensory appeal 3 2 6
university options 3 1 3
food beliefs 1.5 1 1.5
support / relationship 2 1 2
financial security 1 3 3
disposable income 3 3 9
interest in food and food skills 2 1 2
applying iron knowledge to meal preparation 3 3 9
food and preparation likes 3 1 3
knowledge of iron 2.5 3 7.5
salary salaried employ 1 1 1
daughter
education
food
friends
money
mother
= 
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Table 23 summarises the percent influences that were readily modified and the numbers resistant to 
change. A little over 50% of the influences were calculated to be difficult to change however 34.3% 
were considered easy and nearly a third of these would have high impact. Some of these influences 
may be favourable to iron intake and relatively easily be extended, others negative and attention to 
reducing their impact appears possible. 
    
CHANGEABILITY  IMPACT INFLUENCES (NO.) 
easy 
 high 4 
 moderate 3 
 low 5 
% total rated easy to change 34.3%
moderate 
 high 2 
 moderate 2 
 low 0 
% total rated moderate to change 11.4%
difficult 
 high 7 
 moderate 8 
 low 4 
% total rated difficult to change 54.3%
Total influences   35 
    
Table 23: Number of influences effecting iron intakes of 
GENERATION (D); their resistance to change; and impact of the change 
 
  
INFLUENCES 
from coding tree impact x flexibilty changeability
y p y
relationship boyfriend  3 1 3
social respect for other's efforts 3 1 3
time for  meal preparation 1 3 3
mother 3 1 3
self 2 2 4
doctor 3 1 3
internet 3 2 6
trust
Table 22:  Impact and flexibility of identified influences 
= 
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Influences with high to moderate impact and easy to moderate changeability were  
o EDUCATION -   understanding why iron is important; format of public health resources  
o MOTHER -  iron knowledge; and application to food preparation of family meals  
o FOOD -                sensory appeal; availability 
o MONEY -             meal selections with disposable income 
The most difficult to change with a high impact include  
o FOOD -         meal opportunities at university 
o MOTHER -    mother’s likes and dislikes and methods of food preparation 
o GP -                trust in dietary advice given by family GP 
Generational environments 
Figure 49 presents changes to the food supply in Sydney during the lifetimes of all three 
generations. “Constants” are conditions present for all generations eg Commonsense Cookery 
Book and AWW. “Events” had finite periods of influence eg meat rationing and drought and may 
be different for each generation. Under “Timeline” the policy, technology change, product and 
service availabilities have increased with time and have been listed within decade blocks. The 
“Family case”(FC 1-FC 4) columns have dark shading marking the time periods when the cases 
were 20-25 years and light shading indicating the years from birth until 20 years. Each generation 
faced a dominant environmental influence affecting all cases in that generation - meat rationing 
(GENERATION G), the school milk program (GENERATION M) and substantial drought (GENERATION D).  
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Figure 49: Food History Timeline 1910 - 2010 
 
Food availability was an issue for GENERATIONS (G) AND (D) however children within 
GENERATION (M) were beneficiaries of a childhood nutrition campaigns. It is apparent that food 
supply increases in complexity through the decades as technology enables the production and 
supply of prepared meals and services. Basic meal preparation is assisted with semi-prepared 
vegetables and socialising over tea becomes dining out at cafes.  
In Figure 49 a simplified food timeline for Australia has been presented with the far right columns 
identifying the periods where cases in each family case were 20-25 years. Grandmothers were being 
exposed to pre-prepared foods – notably fried – and television, broadening the advertising beyond 
print. Mothers had grown up with late night shopping and supermarkets and with the domestic 
microwave oven appearing in homes around 1980, new cooking skills were required. Pre-prepared 
meals that could be thawed and reheated in a matter of minutes changed the kitchen dynamics. 
Daughters have experienced less change in comparison. Online shopping, cafes and chain take-
away establishments are part of the marketplace. The introduction of gourmet cooking programs 
on the television and comparable recipes on line has raised awareness of foods and presentation on 
the plate.  
Constants during the three generations 
CSCB [553]  
As there were no recipe texts available for domestic science students in the early 1900s four public 
school teachers compiled the CSCB as a practical tool for cooking (Appendix 7). All the 
grandmothers in this case study and 3 of the 4 mothers interviewed had worn copies of this 
cookery book in their kitchens. One of the daughters did possess a copy, another “used gran’s” and 
the others had seen it in a cupboard at home. These earlier editions, (grandmother and mother 
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copies) were limited to school texts. Copies were only available in the marketplace for the youngest 
generation. Keeping aligned with contemporary cooking practices there have been several book 
revisions by the professional association (now Home Economics Institute of Australia – NSW 
Division) that was entrusted by the Cookery Book Trust to undertake this task.. Appendix 7 shows 
each revision – change in format, content and year of publication.  
The revisions of the CSCB18 have each time introduced more “entertaining” recipes with naming 
structures reflective of international restaurants and cafes. Main course meats including liver, 
tripe/and other offal dishes made way for chicken, pasta and rice meals. Most noticeable was the 
introduction and development of sections devoted to cakes, biscuits and slices followed by pickles 
and jams that used excess vegetables and fruits from the home gardens. The most extensive 
revisions were for the 1948 edition, during meat rationing (1944 – 1950). There was a focus on 
menu preparation to entertain, table and wine service, horsd’euvres, entrees, duck, pigeon and 
sauces both sweet and savoury. Beverages based on coffee were added and the further extension of 
the cake and dessert sections. Instructions for soufflés and bottling of fruits were new. 
Sections on managing convalescence and supportive recipes appeared – beef tea, junket, omelette 
and scalloped brains. In the 1964 edition although diagrams of several animal carcass and the 
standard butcher cuts from these carcass were included, the recipes were unchanged from the 1948 
edition. In the 1970s recipes became metric, breakfast cookery and variations of basic cake recipes 
were added. Savoury dishes were highlighted with an increase in salmon, chicken, Asian and 
vegetarian dishes (eg nut roast). By the 1980s cheese and fruit recipes were assembled into their 
own sections; the healthy diet period was explained and middle-eastern recipes started to appear. In 
the 2000s recipes were modified to reflect the Australian Dietary Guidelines, the diet pyramid and 
cultural dishes moved from the basic bolognaise, macaroni cheese and sweet and sour pork to 
risotto, moussaka and vegetarian lasagne.  
AWW [562, 563 
There was an increase in advertising in the magazine over the decades (16.1% to 34.6%) and food 
advertising remained around 4% of the magazine content until after 1980s when it nearly doubled 
to 7.1%. This represented a number of advertisements as the magazine had grown from 50 – 60 
pages to 240 pages. Between the 1980s and the 2000s the largest content change with the AWW 
magazine was the replacement of clothing patterns with regular food articles, cooking class pages 
and themed recipes by the 2000s - 17.5% of regular articles were concerning food. In 1982 there 
was the launch of the first AWW Cookbook “Beautiful Biscuits”. Today there are in excess of 200 
titles worldwide and there is a webpage giving access to individual recipes from both the magazine 
                                                     
18  Editions 1927, 1931, 1935, 1939, 1942, 1948, 1960, 1964, 1968, 1970, 1974, 1976, 1978, 
1983, 1987, 1989, 1990, 2008, 2010, 2014. 
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and the cookbooks. These books are a collection of recipes unlike the CSCB that additionally 
offers basic skill instruction to the reader. Individual recipes were regularly accessed from the 
AWW webpage or via Facebook by the youngest generation in our study and by two of the 
mothers. Copies of the cookbooks were on shelves in the kitchens of the grandmothers (G2, G4), 
mothers (M1, M2, and M4) and daughters (D2). Figure 50 presents pie charts for the 1960s, 1980s 
and 2000s AWW magazines showing percentage content of food advertising, regular food articles 
and feature articles for these periods. Over this period this has increased from 20.1% to nearly 
50%. The promotional AWW website [564] reports 2.3 million readership and 21 million page 
views per month. 
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Figure 50: Changes in food related content in Australian Womens Weekly over 40 years 
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DISCUSSION 
Women in their reproductive years are nutritionally challenged with eating behaviours 
compromising their ability to meet the dietary guidelines. Dietary iron intakes are poor but can be 
increased with minimal dietary change as seen in the study by McArthur and Samman [541]. In the 
current study we have aimed to explain the major forces influencing consumption of iron by female 
tertiary students living in Sydney. Our results found the influence of “mother” continues through 
the generations with the transient environmental forces presenting only minor challenges to her 
influence on her daughter’s iron intake in emerging adulthood. The youngest generation has 
“choices” regarding food intakes - not available for their grandmothers and rarely offered to their 
mothers - that dampen their ability to consume sufficient iron. 
Although we expected their eating behaviours to be reflective of their mothers, grandmothers and 
themselves as adolescents we were uncertain of the strength of the familial influences when 
challenged by current environmental forces and consequently which actions may be most effective 
at improving poor iron intakes. As a starting point the frequency of reference to forces in the 
interviews allowed broad comparison with childhood and adolescent studies [129, 206, 224, 225, 
568, 569]. Familial forces continued into adulthood which was also reported by Glanz et al earlier 
[569]. However these studies placed “taste” as the primary influence on food intake. “Mother” and 
“choice” were primary influences in the current study among the daughters interviewed and “taste” 
unlike earlier studies with children and adolescents did not surface as an independent force.  
At 20 – 25 years these daughters were living with their mothers who, unlike previous generations, 
continue to be the primary source of their daughters’ food and sensory exposure. The daughters’ 
sensory preferences were indistinguishable from their mothers and grandmothers regarding red 
meats and have remained undisturbed by the exposure to meals consumed with friends at the pub, 
restaurant or café. Although the lesser bioavailable non-haem iron is available from dried beans, 
peas, lentils, and fortified cereals [30]; these were not regular inclusions in meals prepared by 
mothers in this study. The mothers and daughters disliked, and avoided cooking, red meats unless 
in a one pot casserole as they could not disassociate the blood engorged meat from the live animal 
which is a sentiment that has been expressed before [506, 570, 571]. With this emotion the home 
exposure to red meats and their characteristic flavour would have been minimal and almost 
certainly not on repeated occasions. Repeated exposure [572-574] to flavours and foods, as 
children, results in a significant acceptance of initially disliked foods. Exposure to outside-the-home 
meals extended flavours enjoyed but did not broaden or increase red meat consumption. Since the 
1990s consumption of meals away from the home, often with friends, has increased at least three-
fold by young women and now is a median of 6 meals per week [539, 569]. However the influences 
exerted in these social interactions with friends, according to Pachucki et al [575], are limited to 
alcohol and snacks that are not usually high sources of iron. McArthur et al [541] demonstrated a 
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replacement of these snack foods in the diets of young women with pork-meat, a source of haem 
iron was possible. 
The university students as part of an RCT investigating the impact of pork-meat or iron 
supplements on the iron status of women of reproductive age consumed weekly an additional 500g 
of pork-meat. Analysis of food diaries showed a significant fall both in the frequency and serving 
size of snack foods for the students in the pork-meat intervention. This suggests the students were 
satisfied by the haem containing pork-meat and benefited by the reduction in nutrient poor energy 
dense snack foods. 
For iron-containing foods - primarily red meats, knowledge has not guaranteed intake by the 
mothers and daughters despite Wardle et al [219] showing a positive association between nutrition 
knowledge and the intake of fruit and vegetables. Grandmothers had no choice regarding protein 
intakes due to wartime food and meat rationing ([557], Appendix 8) and consumed red meats 
including liver, which is a high source of iron, despite disliking both the flavour and texture. The 
emotive language the mothers and daughters use when describing red meat is one of aversion and 
yet we saw preparedness with health concerns and social convention for the daughters to consume 
red meat. The complexities here are explored by Hamilton [576] and raise the question whether it is 
the feelings of aversion of the mothers that have led to avoidance of red meat by the daughters. 
This would explain the daughters’ preparedness to consume red meats only on occasions. In the 
study by McArthur et al [541] students consumed at least 3 red meat meals per week for 12 weeks 
and none of these women reported they discontinued the study through distaste of the pork.  
Because chronic illnesses associated with poor nutrition develop later in life [479, 480], the 
importance of nutrition for future promised health is a low priority for the young [224]. An 
immediate nutritional concern is required as happened with Sarah. She was diagnosed with an iron 
deficiency and deliberately included high iron foods more frequently as part of her diet. She now 
enjoys the flavours. Sarah has encouraged the women in her family to increase their consumption 
of iron containing foods with considerable success however, despite Sarah’s friends being 
supportive of her endeavours and arguments for red meat consumption; they have not modified 
their iron intakes. Her interest in health and nutrition was sparked by the diagnosis however as 
nutrition educators and clinicians this is too late and the enlightenment had impact only on the 
immediate family. It was unexpected to find mothers believed they were role modelling healthy 
diets to their daughters when they were not providing or encouraging meals that would meet the 
recommended intake of red meats (or equivalent) [208]. Some of the mothers were preparing steaks 
for their husbands who did not enjoy the chicken meals that were being prepared for their 
daughters. While at school the mothers and daughters had been taught dietary iron sources and that 
it was important for women to consume iron. However both mothers and daughters stated they 
did not know why it was important for women and were vaguely aware of the symptoms of iron 
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deficiency. When planning meals for their family they paid attention to the less fat, more milk, fruit 
and vegetable campaign messages with only one of the daughters recollecting the current google 
and television iron campaign. If the “why it is important” is not remembered or not taught, failure 
to include high iron sources in family meals can be understood.  
Horacek and Betts [577] suggest social marketing approaches may help to effect behaviour change. 
Similarly, Lefebvre et al [578] state this would develop a new framework of understanding based on 
understanding learners, their realities and their knowledge base, providing a base for behaviour 
change. The Commonsense Cookery Book [553] was a school text for the three generations 
providing recipes, cooking instructions and background information on foods that were considered 
the mainstay for students (Appendix 7). Revisions have reflected the change in the eating practices 
through the century with a smaller percentage of text devoted to the preparation and cooking of 
meats, pulses and beans and a greater interest in the complexities of entertaining foods, cakes and 
desserts post war. The conversion of domestic science classes associated with this text to the more 
science-based food technology curriculum has seen the reduction in nutrition content and required 
students to make the links with nutritional health. Contento et al [579] have reported regular school 
nutrition education classes totaling at least 50 hours are needed to affect attitude and behaviour. In 
Australia, nutrition education, regardless of the electives chosen at school, was not at this intensity 
in the curriculum for the mothers and daughters. 
Moshe et al [589] concluded from their 2013 study investigating the relationships between red meat, 
poultry consumption and iron deficiency that the shift toward reduced red meat consumption and 
higher poultry consumption in developed countries may result in increasing the risk of iron 
deficiency. Chicken meat does contain iron however the current practice of purchasing chicken 
cuts (breast fillets for all families in this case study) rather than the whole bird further reduces iron 
intakes. Fayet et al [195] studying a similar population reported the avoidance of animal meats as 
high as 23% which impacted negatively on their iron intakes. The iron intakes of the daughters in 
the current study are not protected by their consumption of poultry which was almost exclusively 
chicken breast. Breast meat in a recent review has been reported to have only 0.05-0.07mg iron 
absorbed per 100g flesh consumed compared with pork and beef having 0.26-0.53mg iron 
absorbed [581]. 
There are occasions when red meat will be consumed by the daughters. Mothers had instilled in 
their daughters a number of social conventions [582] especially that of finishing meals prepared by 
others as a means of showing respect for the effort and expense involved. At restaurants, functions 
or at home most of the daughters elected not to consume red meat and yet when dining with the 
families of boyfriends, the daughters repeatedly consumed red meat meals. Like the young adults in 
the studies of Pliner and Chaiken [583] and Salvy et al [584] the daughters in the current study 
demonstrated the importance of making a good impression in front of the other sex and that this 
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need was greater than their dislike of a food. Daughters in this situation eventually enjoyed the 
meals; developing trust that the flavour and texture of these dishes would continue for future meals 
with these families. They did not extend this trust to others preparing the same meal including their 
mothers. Our cases did not report consuming smaller meals on these occasions, unlike those of 
Salvy et al, who admitted reducing their meal sizes, independent of liking the foods, when with male 
friends to appear more feminine. The consumption of the red meat meals when dining with 
boyfriends were not linked to the need for more iron-containing meals by the daughters and so 
there was no imperative for the daughters to tolerate their mothers preparing equivalent meals.  
The strength of prevailing environmental forces associated with “choice” although substantial, did 
not exceed the strength of “mother”. Today daughters have more choices than their mothers and 
grandmothers regarding food intakes. Mothers were expected to eat whatever was plated for them 
at home before marriage– red meat meals, usually grilled chops and boiled vegetables [558, 561]. In 
this study food choice was not constrained by food cost as the households were more financially 
secure than the previous generation and daughters having casual employment had discretionary 
monies that they could elect to purchase foods independent of the household supplies.  
Lunch may come from home or be purchased at the university where they are exposed to a wider 
range of foods and yet they continued to purchase white meats or vegetarian. They do broaden 
their intake of flavourings – Indian, Asian and Middle-Eastern spices and condiments. However, 
despite the trend of purchasing meals at university rather than bringing foods from home, the 
exposure to the additional flavours has not extended to trying additional meats. In fact in 2009 
McArthur and Samman [539] reported 37% of the meals consumed by female tertiary students 
during semester were nutritionally incomplete having no high quality protein source and up to 5 
meals were omitted each week. Snack foods, readily available from campus outlets can be 
purchased in lieu of meals. The freedom of choice regarding meal content may be less healthy than 
consuming only the low iron meals from home. Laska et al [585] reported tertiary American 
students) residing in full-board accommodation on campus were at less nutritional risk than 
students living with parents or sharing rental accommodation. If these findings are transferable 
internationally, the current case study has identified the predominant modifiable influences on the 
eating behaviours of the majority of young female university students. Further studies on larger 
numbers are necessary. 
The removal of barriers, rather than the promotion of facilitating factors, like knowledge, is 
considered more effective by Wansink et al [586] to promote change , that is the increased 
consumption of red meats (and iron-containing alternatives) may be better achieved with attention 
paid to the identified barriers. Barriers we have identified in this study as having high to moderate 
impact on iron intakes and ease of changeability could be addressed and outcomes measured. The 
daughters have accepted new flavourings when dining from culturally diverse menus and these 
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flavours could be introduced to mothers and applied to red meats, beans and lentils. Failure to 
understand why iron is important for women’s health keeps mothers preparing low iron meals and 
daughters resistant to consuming red meat meals. This could be approached through popular 
magazines such as the AWW and supermarket resources that have been identified in the interviews 
as literature currently read. Posters are viewed but best provide simple messages which limit their 
suitability for explaining why. 
To minimise sole researcher bias protocols, checklists, multiple data sources (Figure 46) and data 
validation were components of the data collection and analysis phases of the case study. Method 
bias is more difficult to control when there are thirteen, hour-long interviews involving 
considerable cognitive effort that opens the potential for less considered responses before 
interview close. Endeavours to minimise this included having a narrow interview focus; using 
language familiar to each generation ; and partaking in tea and biscuits during the interviews, which 
provided context supporting relaxed and considered responses. There were no extended 
relationships established between the researcher and the cases as only one interview could be 
scheduled with each participant however the interest shown by each family case in study outcomes 
and the enthusiasm with which they participated in the interviews and summary preparation 
suggests data collected were minimally compromised by this limitation. Narrowing our interest to 
iron intake may have had some disturbance with the influencing forces – promoting the influence 
of “mother” over “taste”.  
Conclusion 
This case study has identified the major forces that impact on the dietary iron intakes of a 
collection of female tertiary students living within Sydney. These women were not confident with 
their understanding of why their iron intakes were important for their nutritional health despite 
most having studied food technology and science at secondary school. This may have accounted 
for the disinterest in campaigns promoting iron intake for young women and it was only the 
diagnosis of an iron deficiency that improved the intake by one of the students and their family. 
Occasional intakes of red meats were endured when dining with the mothers of significant 
boyfriends and with repeated exposure the flavour and texture of the red meat became more 
acceptable.  
The young women do not have marriage and children guiding their food intakes as did their 
mothers and grandmothers at the same age. They are however living with parents and still under 
the influence of their mother’s likes and dislikes. In all cases red meats were disliked by mothers 
and grandmothers. Selections of meals away from home introduced the daughters to international 
flavours but did not broaden the iron containing foods consumed.  
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In this study we identified changes that would increase the iron intakes of the daughters and within 
these a few that with relative ease would have high impact. Teaching women why dietary iron is 
important for their health; meal construction that maximises iron intakes; and cooking skills to 
incorporate flavours that appeal to women suiting red meats and pulses. Mixed meals using high 
iron containing ingredients can reduce the disliked properties of conventionally cooked red meats 
as the slicing or chopping of the meats impacts the texture and moisture levels. The provision of 
liked foods at family meals rather than repeated exposure to a broader range of foods, especially 
red meat, can compromise iron intakes of the young women when adults. 
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C H A P T E R  7 :  
 
D I S C U S S I O N  
Disparate findings from the RCT [416], embedded vitamin[587] and dietary studies [443, 539, 541, 
588, 589] and sequential qualitative case study [590] were melded providing a comprehensive 
appreciation of the influences, eating behaviours and relationships between these and the iron 
status of young women of reproductive age, in particular, female tertiary students. While the 
complexities of iron bioavailability from the diet are still under investigation by others [71, 96, 104, 
124, 130, 131], the integration of these current studies provide behavioural data for this vulnerable 
population.  
As a result of the current studies we can report there is higher than expected IDNA among meat-
eating female, Australian university students. It is feasible, however, for women of this age to 
incorporate additional pork-meat into their diets over a period of 12 weeks without issue, other 
than their initial inability to prepare and cook the pork, which was addressed. Hb concentrations 
are significantly higher in both pork-enriched and supplement study sets when we compare 
concentrations against the control set; and serum ferritin concentrations increased significantly in 
participants taking daily supplements [416]. Introducing pork-meat and the necessity to construct 
and prepare meals significantly increases fruit intake in-between meals, reduces snack food 
consumption and stops meal omissions. Vegetable intakes modestly increase but do not reach 
significance. Less than half of the young women habitually consume the RDI for folate and one 
third of the young women fail to consume the EAR [587] for vitamin B12.. However vitamin status 
of the young women does not reflect the poor vitamin intakes as serum vitamin B6, folate and 
erythrocyte-folate remain within the reference ranges. Serum vitamin B12 is the exception with 
values hovering at the lower end of the reference range and some falling below. Within-subject 
variability is evident for each of these vitamins and OCP users have significantly lower serum 
vitamin B12 despite intakes in the upper quartile [583]. Lastly, eating behaviours and the influences 
shaping these behaviours [444, 539, 588] do not encourage the consumption of the NHMRC 
recommended iron intakes [31]. The identification of high impact but changeable influences – food 
and nutrition education, mother’s knowledge of iron sources and its metabolic role, sensory appeal 
of red meats and food expenditure choice have not previously been reported.  
Recent Australian health surveys have been more than a decade apart – 1995 [465] and 2011 [149] 
– and during this time research has shown IDNA in Australia has risen from 7.2% for female 
students, 15 to 30 years [99], to 34% for female tertiary students in 2008 [275]. These studies by 
Rangan et al and Fayet et al respectively included students who were both meat-eating and 
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vegetarian. The current study with comprehensive exclusion criteria expected to collect data from 
young healthy women with better iron status as they attended university, consumed meats and had 
no known barriers to iron absorption [101, 181, 222, 589]. The  AHNPaS ferritin concentration for 
young femaleswere reported as 68.7±6.6 µg/L (median±SEM) with a range of 35 – 120 µg/L [32, 
592] and accordingly a feature article in the public domain presenting survey outcomes - ‘Women 
of Childbearing Age’ [593] - makes no comment on iron status or intake recommendations. 
However Fayet et al [275] were not focused on iron status and report 34% that is 11% higher than 
this study.  
This is the first time pork-meat has been tested for its ability to improve iron status. Consistent 
with previous dietary studies with animal muscle meats, pork-meat increases serum ferritin and Hb 
concentrations although insufficient to reach significance for the quantity consumed [416]. Pork-
meat did however buffer the fall in Hb concentration seen in the control set. The investigations 
that have been cited [177, 179, 362] and this current study [416] show improving iron status is 
dependent on total iron consumed, haem iron content of diet, presence of enhancers and inhibitors 
and baseline iron status. Although pork-meat, containing less haem than beef and lamb, is less 
effective at increasing ferritin when the predominate source of haem iron, it is an ideal meat to 
increase the total haem intake by women as it is better accepted than the alternatives [214]. 
Additionally pork-meat would significantly increase and reduce the intakes of fruit and snack foods 
respectively having a broader benefit beyond increasing iron intake [541]. Patterson et al [179] 
reported a continued rise in ferritin for women from the diet study set six months after study 
completion and proposed there may have been a change in their habitual diet consistent with the 
study diet. Women taking the supplements demonstrated a slight fall in ferritin over the same 
period. There has been no follow-up to ascertain if any of those intended dietary changes 
eventuated. The young women consuming the pork-meat had settled into a new eating pattern 
incorporating the additional meat by four weeks into the study [594] and with no negative feedback 
on the inconvenience of preparing meals ‘from scratch’ it is conceivable that they may continue 
consuming the additional meat serves and prepare meals following the study. 
Having study participants assign their intakes to food groups while they were diarizing may have 
instigated this concern over their intakes. Possibly they were expressing an ‘intention to change’. 
‘Intention’ is the first stage in behaviour change. Saba and di Natalie reported ‘intention’ has a good 
and significant effect on actual consumption of meat [595] and although Wood and Neal [596] state 
the memory trace of resident habits is difficult to unlearn they also report its influence on 
behaviour can be broken. Possibly the unexpected outcomes of food-based intervention trials are 
changes in eating behaviour. The vigilant monitoring of meat intake during a 12 week or longer 
intervention trial and the changing of meal contexts – such as home prepared meals replacing take-
home meals – could equal the ‘intention to change’ required to alter habits. Nutbeam [597] believes 
it is a relationship between education and empowerment – an active involvement in the process of 
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change that is crucial. Within the pork-meat study, which may have differed from others cited, 
participants were part of the research team through the careful use of language. They and the 
researcher were trying to ascertain why iron intake is problematic in young women (like 
themselves). This encourages ownership of the process and interest in the outcome. At present 
behavioural change in health programs is expected after a few short weeks of ‘training’ eg diabetes 
education, weight loss, alcohol and cardiovascular rehabilitation programs [598]. Health literacy 
through health promotion activities [599] could establish eating behaviours that support higher iron 
intake for young women especially tertiary students. Substantial monitoring of eating behaviours 
during and following extended interventions should be encouraged as this may be a learning 
opportunity for both researchers and participants. 
Increasing iron intake through dietary change for the prevention or management of IDNA has the 
benefit of increasing multiple nutrients, associated with iron-containing foods, in normal 
concentrations accepted by the GI tract without issue. The taking of iron supplements requires less 
effort and is faster to restore ferritin concentration to the reference range [179] however a capsule 
can be easily forgotten, presents swallowing difficulty [599] and life-long prescription may result in 
ulceration [600]. In this study additional benefits of diet over supplement were improved fruit and 
snack food intakes [541].  
Consumption of pork-meat reduces some of the functional consequences of iron deficiency, 
meaning, there is an increase in quality of life for the young women in the pork-meat study set 
compared with the control and the supplement sets [601]. Improvement in several dimensions of 
self-perceived health using the SF-36® [313] are seen with the consumption of pork-meat. Baseline 
health scores were higher than the age matched Australian ‘norms’ for women [313] which is not 
unexpected as volunteers were university students, feeling sufficiently non-stressed with their 
university commitments to take on the additional responsibilities associated with being a trial 
participant the entire university semester and were in good health. Ceiling effects for 5 of the 8 
subscale scores may have dampened observation of further improvement for the study sets. Both 
this and another earlier study [602] report the finding of increased vitality (lessening in fatigue) 
when supplements were taken despite concentration differences for the iron supplement. The 
greater number of health dimensions positively affected by pork-meat could reflect the belief 
system of the participants. None were taking supplements of any kind prior to the study suggesting 
they believed food rather than supplements contribute to their health and participant feedback 
suggests they enjoyed the experience of preparing meals. Meal preparation is a burden [603, 604] 
that has been avoided prior to the study through the purchase of prepared foods and dining out or 
consuming family meals as living with parents. Beck et al [322] in a cross-sectional study with 
similar population, reports women with IDNA do not differ significantly from women who are 
iron sufficient with regard to self-perceived health, well-being, or fatigue. Comparisons between 
cross-sectional studies and interventions when the latter is reporting on change in their perception 
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of well-being are of limited value. An iron sufficient and iron deficient individual may score 
elements of the SF-36®similarly if they have not experienced a former period when they believed 
they were experiencing either ill-health or better health. 
The manipulation of diet for one mineral (iron) can better align the entire diet with the 
recommendations of the DGA as evidenced in this study [605] thereby improving future health 
outcomes. World-wide low fruit and vegetable intakes have continued [471, 606] however students 
required to prepare meals with pork-meat significantly increase in-between-meal fruit consumption, 
lessen snack foods and modestly increase vegetable intakes [541]. Their food intake better matches 
the AGHE [607] than either the (C) or (IS) study sets. Similar interventions have not reported this 
finding. Thorough analysis of dietary components and changes may not have been investigated in 
these interventions as iron status would have been the study focus. This behaviour may be peculiar 
to pork-meat and the style of meals prepared or this finding may be due to the necessity to prepare 
meals from ‘scratch’. Larson et al [233] supports the latter - the necessity to prepare meals for 
young people.  
Ammerman et al [192] reported populations at risk of disease responded with dietary change and 
not populations experiencing good health. The young women exposed to pork-meat and the task 
of meal preparation, despite their good health, exhibited a high compliance with the dietary 
prescription and the comments suggest intentions to eat more vegetables and prepare meals. 
Successful recipes used or developed during the trial by the pork-enriched set were included with 
the feedback sheets to aid future participants. Some of the recipes were sourced from mothers, 
aunts or grandmothers who had basic cookery texts [553]. This would suggest the interest in dietary 
change, without risk of disease [192] may be induced should an environmental change arouse 
interest. These are ‘Generation Y’ women [508] who are noted for complexities and impulsiveness 
in their lifestyles and yet reviewing their food diaries they do not vary the format of their meals 
[159] once their preferences are achieved. This provides encouragement that the participant 
expressed dietary changes to commence after study completion were consistent with their new 
meal preferences for the (PE) set and may continue. This would result in higher iron intakes, more 
fruit, some vegetables and less snack foods. Comments regarding change made by the students in 
the other study sets are stemming from the process of recording current intakes and recognizing 
the excesses and omissions in their regular eating pattern without experiencing the change in diet. 
Research suggests these changes will not eventuate. Awareness is heightened but they are unlikely 
to have reached intention to change. Verplanken [608, 609] stated past history will predict future 
behaviour. The (PE) set replaced the snack foods with fruits, unfortunately not citrus that would 
assist iron absorption, eaten in-between lectures. We hypothesize that the more substantial and 
complete home-prepared meals may have better satisfied appetites allowing fruit to placate the 
habit of midmeal snacks. This improvement was consistent with recommendations from the 
NHMRC [148]. Of concern is the lower number of AGHE dairy serves consumed by both 
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interventions [541] during the course of the study. The (IS) set did consume less than the RDI for 
calcium (suggesting an increased risk of osteoporotic fracture [357]).  
Analysing dietary data show intakes by young women are insufficiently vitamin dense for them to 
attain key intake benchmarks for vitamins B6, B12 or folate although mandatory folate 
supplementation of flours in Australia has commenced since completion of this study and this 
should lessen concern for folate in the future. Data reveal significant sources of vitamin B12 are 
now caffeinated energy drinks. Health professionals are concerned at the quantity of caffeine 
within these drinks and their increasing popularity with adolescents and young adults [610]. Further 
expanding their market share, producers have introduced ‘low sugar’ varieties for the diet-
conscious consumer. Should campaigns for their monitored sale be successful, plant-based 
replacement sources of vitamin B12 that are appealing to this audience need development and 
promotion through social media sites [517, 611]. This generation of consumers exchange opinions 
on products and services faster than previous generations and bring about change. Currently 
researchers are investigating spirulina, nori, kelp, chlorella, and algae to boost vitamin B12 intakes 
however the cobalamins in these foods are not biologically active and may inhibit cobalamin-
dependent enzymes [612].  
The opportunity existed to collect longitudinal clinical data on selected B vitamins from this 
homogeneous set of healthy women who were not confined by a laboratory regime. This provided 
both confirmation and challenges to the findings of McKinley [453, Shibata [188], and Talwar 
[452]. Data do confirm multiple excursions from the reference intervals for serum vitamins B6, B12 
and folate outside reference intervals for 25-75% of blood collections. This is reflective of earlier 
findings of Mefferd and Pokorny for serum cholesterol [430]. Clinical decisions for these vitamins 
in women of reproductive age require multiple collections to ensure accurate analysis of their 
vitamin status [541]. These decisions should consider at least 4 spaced collections, particularly when 
intending to treat compromised Hb concentrations as the cause may be low serum vitamins B6 or 
B12, folate, iron or a combination [611]. Seasonal variations reported by Ronnenberg et al [612] exist 
in this age group that further questions the integrity of single blood collections for diagnosis. 
Data do not support dietary intake changes as being responsible for variations in these serum 
concentrations [587]. At all time-points serum vitamin B12 concentrations were lower for women 
taking OCP. The more usual finding is an association with vitamin B6 [460]. Wilson et al [460] citing 
Reidel et al [461] proposes this is a false indicator of vitamin B12 deficiency as there is a 
redistribution of vitamin B12 rather than a depletion of intracellular vitamin B12. Data collected in 
the current study are insufficient to hypothesize the mechanism in play, however, as the functional 
consequences of deficient serum vitamin B12 [614] are not apparent in the affected students – 
confusion, memory loss and depression – and their self-perceived health and well-being are 
reported as higher than age-matched Australian women the redistribution hypothesis should be 
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considered. 
Routinely intervention trials and cross-sectional studies limit dietary data to questionnaires, online 
or telephone surveys, 24 h recalls, 2-5 day diaries or pre- and post-FFQ [223,184, 356, 470, 511]. 
Collecting data for 21 days facilitates detailed analysis of habitual intakes and their impact on future 
health. None of the study sets met the core dietary guidelines and despite higher protein intakes 
[539] than recommended by the NHMRC [208] only the pork-meat set consumed the secondary 
recommendation of 3-4 red meat serves per week [541]. This recommendation is specifically 
addressing iron intake. These findings combined with those of Anding et al [483] where female 
students meet at least one of the seven (US) dietary guidelines make it difficult to accept university 
students have better quality diets than their working peers [222]. Kolodinsky et al [485] report 
individuals, who have knowledge of the dietary guidelines, are better equipped to meet these 
guidelines; especially for fruit, dairy, grain and protein. However almost all the students in this 
study could recite the DGA and recall the AGHE serving recommendations. Outcomes 
demonstrated they could not translate their knowledge into practice. Their calculation errors for 
fruit and grain respectively would impact on anyone’s ability to consume dietary recommendations 
and raises even further concern for non-tertiary students. The effectiveness of the AGHE resource 
for this population is questioned. Studies reporting on the effectiveness of this resource for obesity 
interventions and as a benchmark for television advertising and programming are prominent [615-
618]; but no reportings could be found concerning the effectiveness of AGHE as an educational 
resource and trigger for behavioural change among young adults. Brown et al [486] reviewed studies 
around the world that investigated awareness, understanding and use of guidelines stating few 
reported they were effective beyond awareness. Understanding was limited noting explanations 
were from the nutritionist’s knowledge and language base and not from the consumer need to 
know ‘how’. Like the students in this study, Brown et al reported use of national guidelines, which 
has been rarely studied, was hampered by the failure to interpret serving sizes. 
Henson et al [489] determined limiting meat and increasing fruit and vegetable intakes to be the 
most challenging dietary changes. However in this study, consuming a pork-enriched diet resulted 
in less pre-prepared take-aways, pub snacks, snackfoods or refrigerator left-overs consumed and an 
increase in fruit consumption. The more satisfying home-prepared meal could account for the 
replacement of the midmeal snack food with fruit. Supplement intake to a lesser degree modified 
the diets and we hypothesize this was due to an increase in the severity of their constipation which 
is a recognized consequence of taking iron supplements and not an ongoing behaviour change. 
Chung et al [619] determined 8.2% of female university students were constipated from skipping 
breakfast, low water intake and limited exercise. At baseline 12% of the young women in this study 
skipped breakfast and although none in the supplement study set complained of difficulty when 
evacuating, it may be their usual experience. As it is common knowledge community that increasing 
fruit intake will relieve constipation; participants may have adjusted intakes subconsciously. 
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Restaurant or café dining and effortless reheat technologies are replacing cooking skills and meal 
management of earlier generations [231, 537]. Their non-familiarity with the components of a 
nutritionally adequate meal, their university timetables and choices for meals, adversely influence 
healthy eating behaviours and nutrient intake. The provision of fresh pork-meat, with the necessity 
to choose meal components, prepare and cook the meal, reduces the number of omitted meals, 
snack foods consumed as meal replacements and increases the number of nutritionally complete 
meals consumed [539].  
The case-study interviews exposed under-confident food handlers and preparers with little memory 
of the nutrition and food technology lessons on the importance and sources of dietary iron while at 
secondary school. Bolton et al [620] states the teacher communication requires adjustment to 
accommodate the learning styles of adolescents and young adults; ensuring relevance and the 
retention of knowledge beyond the next examination. The failure to put this knowledge to personal 
use since learning suggests relevance was not recognized by the students. In contrast to this, every 
one of the students interviewed knew how to prepare their mother’s specialties – usually chicken 
breast or vegetable based recipes. Trust in the cooking skills and food selections of mothers ranked 
high on our measure of influence [231]. It should not be unexpected to learn that the key 
influences on eating behaviours and ultimately the iron intakes of these tertiary students were 
associated with mother, education, food, money and doctor. Food advice from mothers and 
grandmothers regarding health management was trusted; partially adopted from the doctor; and not 
asked of the dietitan. It was surprising for peers and social media to be absent from the top five 
influences but possibly these were considered by the students as supports for the top five and not 
independent influences. Dietary information was shared but not always adopted.  
The promoting or demoting of these influencial forces will improve the nutritional status of 
women in their reproductive years, particularly minimising iron deficiency. Although a challenging 
process with evolving technology – smartphones, apps for nutrient profiles, dietary analysis and 
weight management – intertwined with eating behaviours. As a first step, our last study has 
identified and graded the influences according to their impact and changeability. Reit et al [621] 
suggests the starting point for changing habitual behaviours could be changing the situations that 
trigger behaviours, namely the influences- on iron intakes and eating behaviours that are 
inconsistent with the nutritional health of young women. The starting points identified as those 
with easy to moderate changeability were educating all students on the links between health and 
iron; mothers on the nutritional needs of the body particularly iron for women, the application of 
iron knowledge to preparation of family meals, and heightening the sensory appeal of red meat; and 
evaluating and revising current public health resources to be resources for social media. Lastly, 
budgeting, food selection and meal preparation skill development. 
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Figure 51: Research findings – agents of influence and change 
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In Figure 51 the main outcomes of this research have been integrated. The identified intra- and 
inter-generational influences on the eating behaviours; and the iron status of female tertiary 
students of reproductive age, including the impact of the pork-meat and supplement interventions 
beyond ferritin and Hb concentrations, are evident. A number of the forces have been modified by 
the inclusion of the pork-meat but not by the supplement and positively affected perceptions of 
health. 
Limitations 
Some cultures or religions representative of Australia’s population mix were excluded from the 
studies as either pork-meat is not to be consumed; or past immigration and current education 
policies have affected which generations migrated first, and whether three generations are currently 
living in Australia. Despite this, there were no notable differences in meal patterning and eating 
behaviours between students of western and eastern cultures observed, except differences in grains 
choices and some vegetables, in the RCT.  
Access to students with similar daytime environments for the RCT necessitated restricting the 
study to 12 weeks. Sixteen weeks would have ensured there had been turnover of red blood cells 
however would have been accompanied with study incompletes and possibly significant changes in 
lifestyle towards study end when students travel and celebrate semester end. Possibly some 
students who believed they were iron deficient volunteered for this demanding study, skewing our 
findings. However it is neither difficult nor costly to have iron status determined in Australia. 
Although a small sample size for this current study, results have shown at best 23% (nearly 1-in-4) 
young women, 18 – 24 years, have ferritin concentrations below the reference range; and when the 
additional impact of vegetarianism and low socio-economic status [622] on iron intake are 
considered, prevalence of >34% could be anticipated [275]. 
Implications for research and practice 
The integrated nature of this research has enabled the first time reporting of associated clinical 
concerns for this population – the variability existing with serum vitamins B6, B12 and folate, and 
erythrocyte folate has important implications for clinical management and should be repeated for 
this and other populations. Eating behaviours and the identification of forces that are modifiable 
specifically for young women has provided new starting points for nutritionists and other health 
professionals. The development of a model that can be applied not only for iron intakes but other 
nutritional concerns will have impact on future generations as it is almost self-sustaining once 
developed. Implementation will be a new direction for nutrition educators.  
It became apparent that changes in curricula will negatively impact on the health of future 
generations. With the emphasis on the science behind food and nutrition and the concurrent de-
emphasis of food related skills, the current university students know what should be eaten but are 
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unable to demonstrate to the researchers that they are able to incorporate this knowledge into their 
daily meals or have the desire to do so. Outcomes from the current research suggest public health 
campaigns, health practitioners and educators have divorced knowledge from skill and not 
sufficiently affected attitude. Using education strategies that guide amalgamation of these attributes 
are required. 
Research is indicating as the generations pass we are increasingly divorcing ourselves from the 
processes associated with food – growth, preparation, meal combinations and our nutritional 
health. Lichtenstein and Ludwig [519] argued the necessity to return home economists to schools 
to address this loss. Family meal preparation and school curricula addressing food related skills 
have been reduced to optional activities due to other pressures at home and streamlining of 
curricula to focus on higher order skills. Food and health literacy could be re-introduced to early 
schooling as an adjunct to the vegetable garden program in schools currently running throughout 
Australia [623]. In these programs gardening, food preparation and meal composition skills are part 
of the curriculum during primary education. The importance of micronutrients like iron could be 
introduced here. Interactive activities initially with foods and then nutrients at this early age allow 
involvement of parents and grandparents [236]; encourage experimenting with new foods and 
flavours during mealtime; and supports other food and health literacy projects at an age that allows 
years of knowledge, skill and attitude development before the responsibility of caring for one’s own 
nutritional health is required.  
CONCLUSIONS 
The tertiary students of reproductive age who participated in these studies provided dietary and 
behavioural data previously not collected. As Australian studies have shown compromised iron 
status of this population has been increasing despite the increased availability of high iron foods, 
ascertaining familial influences, especially from grandmother to mother to daughter. These are 
responsible for the reduced consumption of red meats once the environment returned choice of 
foods consumed to the family unit. Maternal likings of foods, methods of preparation and inclusion 
in meals can be remodeled with targeted education and skill training of mothers – the traditional 
meal preparers in households. Other identified forces are more resilient to change or are calculated 
to have less impact. With time, a further understanding of iron bioavailability will assist women 
maximize their iron intake, reduce the functional consequences of IDNA and return ferritin 
concentrations to within reference ranges. 
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APPENDIX 1: POSTERS 
 
Figure 52: Meal patterns of young healthy women reveal undesirable food 
management decisions contributing to low iron intakes 
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APPENDIX 1 POSTERS 
 
Figure 53:  The identification of predominant food consumption patterns of young women 
exposes a nutritional vulnerability 
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APPENDIX 1 POSTERS 
 
  Figure 54: Inclusion of pork meat in the diets of young women reduces snack food 
 and increases fruit and vegetable intakes 
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APPENDIX 1 POSTERS 
 
Figure 55: Social conventions and nutrition knowledge are collaborative forces 
 on eating behaviours in women of reproductive age 
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APPENDIX 1 POSTERS 
 
 
Figure 56: A transference to favourable food management practices by young  
women who participated in a pork-meat intervention trial 
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APPENDIX 2 – WHO 2010 RANKING OF ANAEMIA IN COUNTRIES  
AP=Asia Pacific, HI= High Income, NA= North America, Eurp = Europe, LA= Latin America, SE= Southeast, 
NA/ME=North Africa/Middle East, SSA= Sub-Saharan Africa, CKD = Chronic kidney disease, G6PD =Glucose-6-
phosphate dehydrogenase 
 
source: Kassebaum, Nicholas J., Jasrasaria, Rashmi, Naghavi, Mohsen, Wulf, Sarah K., Johns, 
Nicole, Lozano, Rafael, . . . Murray, Christopher J.L. A systematic analysis of global anemia burden 
from 1990 to 2010. Blood. 2013. doi: 10.1182/blood-2013-06-508325 [132] 
  
Figure 57: WHO causes of anaemia for both males and females, by country, in 2010 
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APPENDIX 3 – AUSTRALIAN GUIDE TO HEALTHY EATING 
 
 
 
Figure 58: Two models for women in AGHE [203] 
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APPENDIX 4 – QUESTIONNAIRE DETAILS: FFQ, SF-36®  AND IPAQ 
FFQ  
There were over 300 food items in the FFQ. The FFQ contained nine frequencies (never, less than 
1 per month, 1-3 per month, 1 per week, 2-4 per week, 5-6 per week, 1 per day, 2-3 per day and 
more than 4 per day). Fsilure to score an item on the questionnaire initiated clarification. If this 
failed, and there were less than three items not scored in the food grouping, the second FFQ for 
that participant was reviewed for that item. On review, if all remaining items in that grouping were 
identical in both FFQs then the scores assigned in the completed FFQ were used for the missing 
items in the incomplete FFQ. If there was any variation both FFQs for that participant were 
omitted from analysis. If three or more items were not scored in any of the food groupings both 
FFQs for that participant would be excluded from analysis.  
The average daily nutrient intake was calculated with a purpose-built program using Microsoft 
Access, 2007 linked to a database of Australian food composition [409]. The nutrient contribution 
of each food item in the FFQ were determined by multiplying the relevant frequency value 
assigned to each food item in the participant’s FFQ by the serving size of that item (g) and then 
dividing by 100 as NUTTAB 2006 electronic database [409] provides nutrient composition per 
100g.  
SF-36®  
Well-being, although a psychological state, has been in the past inferred from observable behaviour 
only; which is external to the individual eg performing customary self-care behaviours. In the SF- 
36 Health Survey a definition incorporating the perceptions of the individual is used i.e. inclusion 
of well proven self-reports of the frequency and intensity of feeling states including general mental 
health, bodily pain, and vitality. The survey also reflects the preferences of the individual so there 
are inclusions for personal evaluation of their current health status, susceptibility to illness and 
health outlook. This is important as the participants in this study will not display the observable 
changes displayed when health is compromised, being physically healthy. The shorter version of the 
Health Survey was used which has eight health concepts and appeared most suited to our purposes.  
The SF 36 Health Study measures 9 health concepts that include physical functioning - PF(10 
items), social functioning -SF(2 items), role limitations due to physical problems -RP(4 items), role 
limitations due to emotional problems -RE(3 items), mental health -MH(5 items), energy and 
vitality -V(4 items), pain -BP(2 items), general perception of health -GH(5 items), and the perceived 
change in health over the past 12 months (1 item). Respondents are asked to rate the frequency of 
occurrence of each symptom using a 3 - 6 level response scales. For each health concept, responses 
were coded and transformed to a score ranging from 0 (worst health state) up to 100 (best health 
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state). 
Five of the scales PF, RP, BP, SF and RE define health status as the absence of limitations or 
disability. For those scales, the highest possible score of 100 is achieved when no limitations or 
disabilities are observed. Three of the scales are bipolar in nature (GH V MH) and measure a much 
wider range of negative and positive health states. For these a score in the mid-range is earned 
when the individual reports no limitation or disability. A score of 100 in these bipolar categories is 
only achieved when the individual reports positive states and evaluates their health favourably. 
Respondents select from a standardized set of response choices before participating, and on 
completion of the study. Multi item scale scores were summed and transformed to a score ranging 
from 0 (low) to 100 (high). There are two distinct higher order summary scores i.e. the physical 
component summary score (PCS) and the mental component summary score (MCS) which are 
compared with the norms for a reference population. The reference population used was 
Australian women who had participated in the ALSWH [180] For each of these summaries a score 
below 50 indicates a worse PCS or MCS than the reference population. Previous studies [maybe 13 
if not another by Patterson] used the sub scale score for “Vitality” as a measure for fatigue. 
Differences between groups were assessed using repeated-measures analysis of variance with the 
four values of each variable (at time 0, 4, 8, and 12 weeks) as the response and group as the 
between-participants factor. We also carried out secondary analyses with the final (12-week) value 
as response, group as a fixed factor, and the initial value of the variable and an overall measure of 
change in health concepts as a covariate. Factor analyses indicated that the overall measures of 
change in health concepts could be well summarized by an average of the changes on the sub-
measures of well being, adjusted so that higher scores had positive meaning on each.  
IPAQ  
The purpose of the International Physical Activity Questionnaires (IPAQ) is to provide a set of 
well-developed instruments that can be used internationally to obtain comparable estimates of 
physical activity. It is suitable for use with young and middle-aged adults (15-69 years). The scoring 
protocol follows and a sample self-administered Short Form Questionnaire.  
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SAMPLE QUESTIONNAIRE: 
 
We are interested in finding out about the kinds of physical activities that people do as part of their everyday lives.  The questions 
will ask you about the time you spent being physically active in the last 7 days.  Please answer each question even if you do not 
consider yourself to be an active person.  Please think about the activities you do at work, as part of your house and yard work, to 
get from place to place, and in your spare time for recreation, exercise or sport. 
Think about all the vigorous activities that you did in the last 7 days.  Vigorous physical activities refer to activities that take 
hard physical effort and make you breathe much harder than normal.  Think only about those physical activities that you did for at 
least 10 minutes at a time. 
1. During the last 7 days, on how many days did you do vigorous physical activities like heavy lifting, digging, aerobics, 
or fast bicycling?  
_____ days per week   No vigorous physical activities Skip to question 3 
2. How much time did you usually spend doing vigorous physical activities on one of those days? 
_____ hours per day  
_____ minutes per day    Don’t know/Not sure  
Think about all the moderate activities that you did in the last 7 days.  Moderate activities refer to activities that take moderate 
physical effort and make you breathe somewhat harder than normal.  Think only about those physical activities that you did for at 
least 10 minutes at a time. 
3. During the last 7 days, on how many days did you do moderate physical activities like carrying light loads, bicycling at 
a regular pace, or doubles tennis?  Do not include walking. 
_____ days per week    No moderate physical activities Skip to question 5 
4. How much time did you usually spend doing moderate physical activities on one of those days? 
_____ hours per day 
_____ minutes per day   Don’t know/Not sure  
Think about the time you spent walking in the last 7 days.  This includes at work and at home, walking to travel from place to 
place, and any other walking that you might do solely for recreation, sport, exercise, or leisure. 
5. During the last 7 days, on how many days did you walk for at least 10 minutes at a time?   
_____ days per week   No walking     Skip to question 7 
6. How much time did you usually spend walking on one of those days? 
_____ hours per day 
_____ minutes per day   Don’t know/Not sure  
The last question is about the time you spent sitting on weekdays during the last 7 days.  Include time spent at work, at home, 
while doing course work and during leisure time.  This may include time spent sitting at a desk, visiting friends, reading, or sitting 
or lying down to watch television. 
During the last 7 days, how much time did you spend sitting on a week day? 
_____ hours per day  
_____ minutes per day    Don’t know/Not sure  
 
This is the end of the questionnaire, thank you for participating. 
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Appendix 5 - Ready reckoner for AGHE serves. 
The following serving sizes represent consensus by 10 accredited dietitians -- private practitioners; 
academics; industry consultants; researchers). 
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Appendix 6 - Dietary Guidelines Analysis – (Raw Data)  
Participant intakes of AGHE GRAIN serves for 21 collection days 
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Participant intakes of AGHE VEGETABLE serves for 21 collection days 
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Participant intakes of AGHE FRUIT serves for 21 collection days 
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Participant intakes of AGHE MEATS AND ALTERNATIVES serves for 21 collection days 
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Participant intakes of AGHE EXTRAS serves for 21 collection days 
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APPENDIX 7 – COMMONSENSE COOKERY BOOK  
4a - Description 
WEB ENTRY – AUSTRALIAN FOOD HISTORY TIMELINE 
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4b -Food historian record 
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EDITION FORMAT CHANGES RECIPE ADVERTISING PUBLISHER 
1978   revised edition 
reprinted 1982 
1983 Book 1 and Book 2 to 
follow with advanced 
recipes 
 > million copies 
sold since 1914 
1987 Book 2 
Chinese and fruit 
sections added 
  
1998 Book 1- added the 
Healthy Diet Pyramid  
new recipes 
 
 
Tabbelouh, 
Satay, Moussaka. 
  
1990 Book 2 
new recipes 
 
from other lands 
  
2008 “Kitchen Classic” 
Hardcover 
recipes revised to reflect 
DGA and dietary 
pyramid 
 
new recipes 
 
 
 
 
 
 
Banana Smoothie 
Muesli, Moussaka, 
Basic Risotto 
Lasagne Zucchini 
Slice 
  
2010 Softcover 
Recipes with Meat dishes 
in first section  
 
Diagrams included for 
step-by-step techniques. 
Stocks and Sauces 
recipes move forward in 
book 
  Revised and 
updated 
2014 Centenary edition with 
notebook 
   
     
 
Figure 59: Changes in recipes and broadening of content through the revisions of the 
CSCB 
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APPENDIX 8 - 1944 – 1950 MEAT RATIONING IN AUSTRALIA 
 
  
